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Sharks of the Genus Carcharhinus

J. A. F. GARRICK'

ABSTRACT

The genus Carcharhinus Blainville contains 25 living species of whaler sharks, one of which (C. wheeleri) is
described as new while the other 24 incorporate 95 identifiable nominal species which fall into the limits of the
genus as here recognized. Features studied include morphometrics, external morphology, color, tooth numbers
and shapes, vertebral numbers and other vertebral characteristics, and biological data. The systematic value of
these features is reviewed, and it is concluded that despite their importance at the specific level they do not in
general allow firm statements on subgeneric groupings or on the relationship between Carcharhinus and other
similar genera. Accordingly, no formal subdivision of the genus is proposed, and the limits and characterization
of the genus are essentially as in Bigelow and Schroeder (1948) except that the following six nominal species are
excluded because of one or more notably divergent aspects of their morphology: Carcharias gangeticus Miller
and Henle, C. glyphis M. and H., C. oxyrhynchus M. and H., C. temminckii M. and H., Carcharhinus tephrodes
Fowler, and Carcharhinus velox Gilbert. A further 13 nominal species are treated as species dubia.

Long-established names for two species, Carcharhinus limbatus Valenciennes and C. sorrah Val., are
retained though each has a poorly founded senior synonym; their cases must be put to the International Commis-
sion of Zoological Nomenclature. A neotype is designated for brachyurus Gunther, and lectotypes are designated
for dussumieri Val., henlei Val., malabaricus Day, menisorrah Val., pleurotaenia Bleeker, sorrah Val., and tjutjot
Bleeker.

A key is given to differentiate the species. For each species primary synonyms are listed and discussed and a
diagnosis and description are given. Descriptions include measurements and counts and line illustrations that
show the whole shark in lateral view, underside of head, nostril, and teeth. The geographic distribution is
described, and biological data on number of embryos, size at birth, size at sexual maturity, and maximum size are
summarized.

The 25 species are predominantly tropical-subtropical, but only two appear to be confined to the tropics and
seven have been recorded from the tropics to latitudes as high as 40°. Most are coastal, one is virtually insular,
and one, or perhaps two, enter fresh or brackish water. Eight species are worldwide; 23 occur in the Indo-Pacific,
13 in the western Atlantic, 11 in the eastern Atlantic, 10 in the eastern Pacific, and 5 in the Mediterranean.

INTRODUCTION

The prime purpose of this account is an alpha taxonomy of
the genus Carcharhinus. This genus, worldwide in distribution,
contains the whaler sharks, many of which grow to a rather
large size (up to 3.6 m long) and hence are conspicuous elements
of the marine fauna, particularly in tropical-subtropical regions
although some of them extend also into temperate latitudes.
Most are coastal or shelf dwelling but a few are regular inhab-
itants of the open ocean and at least one occurs in freshwater
rivers or lakes with access to the sea.

A few of the species are easily recognized and well known,
principally because they have characteristic color patterns of
dark or white fin tips, but many of the others are superficially
very similar and readily confused. For this reason they are, in
general, poorly known and not readily identified in most parts
of the world. Also, the slow rate at which knowledge has
accumulated on those features which are important in diagnos-
ing the species has meant that many species have been described
several times under different names—on average 3.8 times
(range 1-10) for all of the species according to my findings. A
revision of Carcharhinus on a worldwide basis is, therefore,
long overdue. No comprehensive treatment of the genus has
appeared since the last century, when Miiller and Henle (1841)
and Dumeril (1865) dealt with the species known to them at that
time; many species have been proposed since then. Regional
accounts or revisions over the last three decades have alleviated

IDepartment of Zoology, Victoria University of Wellington, Private Bag,
Wellington, New Zealand.

the situation, with varying success in resolving problems with
the species in the areas dealt with. Amongst such accounts
should be mentioned those of Bigelow and Schroeder (1948) and
Springer (1950) for the western North Atlantic, Tortonese (1950,
1951b) for the Mediterranean, Rosenblatt and Baldwin (1958)
for the eastern Pacific, Fourmanoir (1961) for Madagascar,
Gohar and Mazhar (1964) for the Red Sea, and Bass et al. (1973)
for the western Indian Ocean (this last mentioned revision being
the most definitive, comprehensive, and broadly applicable of
them all). However, all of these have suffered to a greater or
lesser degree in having insufficient comparative material for
study, and, in particular, access to the surprisingly extensive
range of type material still existing and which must be studied if
the status of many of the nominal species is to be established
with confidence. In the present study I have been fortunate in
being able to examine type material of 62 of the 95 nominal
species which contribute to the synonymy of the 25 species I
recognize as valid. No type material, other than a possible syn-
type of falcipinnis Lowe, 1839, was found for the further 13
species treated here as species dubia.

Features used in this study for the identification and diagnosis
of the species are for the most part those that have been tradi-
tionally applied, including morphometrics, size, various aspects
of external morphology such as, for example, snout and fin
shapes or the presence or absence of a middorsal dermal ridge,
tooth numbers and shapes, and color. Supplementing these
features, and providing virtually indispensable information for
separating some species, are data on the vertebrae, particularly
vertebral numbers, relative lengths and diameters of some
vertebrae, and the position at which diplospondyly occurs.
Although these features in total allow the species to be



distinguished, they do not appear to provide, either individually
or in combination, a ready means of establishing subgeneric
relationships; correlation between the features is at a low level.
A few species pairs can be recognized, in which the members of
each pair share so closely the same features that they can be
regarded as siblings, and in a few other cases a group of three or
more species share a rather more diffuse combination of com-
mon characteristics, but overall there is no obvious pattern of
subgeneric groupings. This heterogeneity is further compound-
ed by other species which share or approximate closely to many
of the characteristics of other carcharhinid genera, notably
Rhizoprionodon, Aprionodon, and Hypoprion. My data do not
allow me to resolve with confidence the relationship between
Carcharhinus and these other genera. Accordingly I believe that
the best course to follow at this stage is, firstly to retain essen-
tially the status quo in terms of the limits or definition of the
genus Carcharhinus, and secondly not to formally subdivide the
genus but instead simply to indicate the possible species group-
ings within it. It follows that the main contribution which this
study can make is in species identification, together with col-
lated information on distribution and some aspects of the
biology of the species, and in resolving primary synonymic and
nomenclatural problems which have long beset previous studies
of the genus.

On the above basis Carcharhinus is defined for the purposes
of this study on virtually the same features used by previous
workers and exemplified by the definitions in Bigelow and
Schroeder (1948) and Bass et al. (1973).

However, my definition of the genus differs in some respects,
the purpose of this being to exclude a few species that seem suf-
ficiently distinct to warrant generic separation from Car-
charhinus. The most divergent of these species is Carcharias
(Prionodon) oxyrhynchus Miiller and Henle, 1841 (type species
of Isogomphodon Gill, 1862) in which the high number of teeth
(more than 50 in row around upper or lower jaw), the broad
paddle-shaped pectorals, and the long narrow pointed snout are
obvious features, amongst others, that make it quite unlike any
species of Carcharhinus. Four other nominal species [Carcharias
(Prionodon) temminckii Miiller and Henle, 1841 (type species of
Lamiopsis Gill, 1862), Carcharhinus tephrodes Fowler, 1905
(which appears synonymous with temminckii), Carcharias
(Prionodon) gangeticus Miiller and Henle, 1841 and C. (P.)
glyphis Miiller and Henle, 1841 (type species of Glyphis Agassiz,
1843 by absolute tautonymy according to Compagno?)] are ex-
cluded because they have an upper precaudal pit which is ovoid,
longer than wide, with poorly marked edges or borders, and
thus markedly different from that of Carcharhinus species
which is crescent-shaped, wider than long, with a well-marked
anterior edge or border. These four species excluded on this
feature vary in the extent to which they otherwise resemble
species of Carcharhinus in morphometrics, external mor-
phology, and teeth, and it is unlikely that they constitute a
natural group. The last-mentioned two (gangeticus and glyphis)
share many similarities with each other and differ less from Car-
charhinus than does temminckii.

Treatment of oxyrhynchus and temminckii comparable to
that above is evident from Compagno’s (1973a) outline
classification of the Carcharhininae in which Isogomphodon
and Lamiopsis are listed amongst the genera. However, Com-
pagno does not include Aprionodon in his list of genera,

2L. J. V. Compagno, Division of Systematic Biology, Stanford University,
Stanford, CA 94305, pers. commun. April 1974.

whereas the definition of Carcharhinus that I am using separates
Aprionodon from Carcharhinus because of the smooth-edged
teeth of the former. The validity of excluding A prionodon from
Carcharhinus on this dental character alone is admittedly sub-
jective, but is adopted here for convenience pending informa-
tion on other characteristics which will better establish the rela-
tionships between these genera. Lastly, one other species that |
exclude from Carcharhinus is Carcharhinus velox Gilbert in Jor-
dan and Evermann, 1898 which differs strikingly from all of the
other species in its long snout and large, transverse nostril open-
ings set so closely together that the internarial distance is only
slightly greater than the nostril width. Also, according to Com-
pagno,’ velox has cranial features unlike any other Car-
charhinus species he has studied.

MATERIALS

Materials used in this study came from a wide variety of
sources but principally were preserved specimens in the collec-
tions of museums and other institutions listed below. In a few
cases fresh specimens were made available for me, chiefly in
North America, Hawaii, and South Africa. Many colleagues
also generously supplied radiographs of specimens and data that
I was able to incorporate even though | did not see the
specimens.

The following abbreviations have been used in the text:

AMNH American Museum of Natural History, New York
AMS Australian Museum, Sydney
ANSP Academy of Natural Sciences, Philadelphia
BMNH  British Museum (Natural History), London
CNHM Chicago Natural History Museum (now Field
Museum of Natural History)
CU Cornell University, Ithaca
DIRU Department of ichthyology (now J.L.B. Smith
Institute of Ichthyology), Rhodes University,
Grahamstown, South Africa
DM Dominion Museum (now National Museum) Wel-
lington, New Zealand
FSBC Florida State Board of Conservation (now Florida
Department of Natural Resources), St. Petersburg
GVF George Vanderbilt Foundation, Stanford, Calif.,
specimens now at California Academy of Sciences
HU Hebrew University of Jerusalem, Israel
IFAN Institut Francais d’Afrique Noire, Daker, Senegal
IRSN Institut Royal des Sciences Naturelles de Belgique,
Brussels
ISH Institut fiir Seefischerei, Hamburg
ISZZ Institut fiir Spezielle Zoologie und Zoologisches
Museum, Berlin
MCZ Museum of Comparative Zoology, Harvard Uni-
versity
MNHN Museum National d’Histoire Naturelle, Paris
MRAC Musée Toyal de I'Afrique Centrale, Tervuren, Bel-
gium
MSNG Museo Civico di Storia Naturale, Genoa
NMV  Naturhistorisches Museum, Vienna
NZOI New Zealand Gceanographic Institute, Wellington
ORID Oceanographic Research Institute, Durban

3L. J. V. Compagno, Division of Systematic Biology, Stanford University,

Stanford, CA 94305, pers. commun. March 1971.



QMB Queensland Museum, Brisbane
RNH Rijksmuseum van Natuurlijke Historie, Leiden
SAMC South African Museum, Capetown
SFRH Sea Fisheries Research Station, Haifa
SIO  Scripps Institution of Oceanography, La Jolla
SMF Natur-Museum und Forschungs-Institut, Sencken-
berg, Frankfurt

SMNS Staatliches Museum fiir Naturkunde, Stuttgart
SOSC Smithsonian Oceanographic Sorting Center, Wash-

ington, D.C.

SU Division of Systematic Biology, Stanford University;

specimens now at California Academy of Sciences,
San Francisco

UCLA University of California, Los Angeles

UMML University of Miami Institute of Marine Science,
Miami

UMMZ University of Michigan Museum of Zoology, Ann

Arbor

UPR University of Puerto Rico, Mayaguez

USNM United States National Museum, Washington, D.C.
UZMK Universitetets Zoologiske Museum, Copenhagen
WAM Western Australian Museum, Perth
ZSZM Zoologisches Staatinstitut und Zoologisches Mu-
seum, Hamburg
METHODS
Measurements

The measurements used to calculate the proportional dimen-
sions given here were made as exemplified in Figure 1.
Longitudinal measurements, e.g., total length (TL) and
distances from snout tip to various points along the body, were
taken between vertical projections to the horizontal axis of the
body, and hence are not diagonal (i.e., point to point) nor
measured round the curve of the body. The methods for making
these and other measurements were essentially as described in
detail by Springer (1964) except for the following:

Snout tip to mouth: measured to the posterior edge of the
upper lip at the ventral midline.

Snout to gill openings: measured to the most anterior part of
each gill opening.

Mouth length: distance from the posterior edge of the upper
lip at the ventral midline to the midpoint of a line connect-
ing the two corners of the mouth.

Counts

Teeth.—The dental formulae for each species give the number
of teeth around the outer margin of the upper jaw (above line)
and the lower jaw (below line). Each upper and lower jaw count
is subdivided into the number of teeth on the left side, followed
by the number of noticeably small, central, or symphysial teeth
(if any), then the number of teeth on the right side. The teeth
counted around the margin of each jaw in this way constitute a
row. Each tooth of the row is the outer element of a file or series
of teeth aligned inwards and derived from the same tooth
primordium. Thus each series is made up of one or more func-
tional teeth together with their developing replacements.

Vertebrae.—Most of the vertebral counts presented here were

made from radiographs, using fine-grain industrial X-ray film.
In a few cases, where large, fresh sharks were examined and
could not be preserved, counts were made by dissection. The
total count for each specimen was subdivided into:

Precaudal count: all complete centra anterior to the forward
edge of the upper precaudal pit.
Caudal count: all centra posterior to the precaudal centra.

In order to ensure that the separation point between precaudal
and caudal centra was clearly identifiable from the radiograph,
a pin was inserted into the vertebral column dorsally at the
anterior edge of the upper precaudal pit before each specimen
was X-rayed.

Vertebral counts published by other authors and included in
the present study are not necessarily entirely comparable to
mine, although as far as could be ascertained the differences are
relatively minor. For example, the numerous precaudal counts
from Bass et al. (1973) include all complete centra anterior to the
center of the upper precaudal pit. Examination of my
radiographs suggests that this more posterior separation point
involves an extra distance not exceeding the length of one cen-
trum and in most cases much less than that. On average the ex-
tra distance is likely to be about one-half of a centrum
length.

The position at which the precaudal vertebrae change from
being monospondylous to diplospondylous was noted from the
radiographs, on the assumption that this transition is evidenced
by an abrupt reduction in centrum length at or near the pelvic
region. In many species the transition from long monospon-
dylous centra to short diplospondylous centra was very obvious,
but in others it was less evident and could only be confirmed by
measuring the lengths of the centra. For most species diplospon-
dyly begins above the pelvic fin, but exceptionally it is just
anterior to the pelvic fin origin or as far posterior as the second
dorsal fin.

In some species the diplospondylous centra alternate slightly
but regularly in length. In a few the lengths are much more irreg-
ular, with long (seemingly monospondylous) centra interspersed
amongst the short centra. However, even in these last-mentioned
examples the position of the first short centrum was taken as the
transition to diplospondyly.

More detailed descriptions of the methods and problems in
making vertebral counts in sharks are given in Springer (1964)
and Springer and Garrick (1964).

CONSIDERATION OF SOME
CHARACTERS USED IN STUDY

Morphometrics.—Insofar as many of the nominal species
were originally described as distinct on the basis of differences in
proportional dimensions, it is appropriate to present a broad
range of data on the latter for the genus as a whole so that the
usefulness of proportions can be evaluated. The data so
presented (Figs. 2-8) are, with very few exceptions, from
measurements made in this study. They include, firstly, a series
of presentations (Figs. 2-5) in which the proportions of various
features are expressed as percentages of total length, and
secondly, a series (Figs. 6-8) in which direct comparison is made
between various of these features. The features selected for
presentation cover only some of those examined in the study,
and were chosen on one or more of three grounds: either they
are features which have commonly been used in the past, or they
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have been found to have value in the present study, or they con-
tribute to a broad picture of morphometrics in the genus and in
so doing do not necessarily assist in distinguishing between
species (or conversely in indicating relationships between species).
Perusal of these data shows that for most features there is a
wide range of variation within each species, and very marked
overlap between species. The effect of this is that many propor-
tions have virtually no predictive value for identifying species,
and even the best of them, i.e., those in which there is least
overlap between species, still have a low level of usefulness when
considered alone. Because data for many of the species are far
from adequate it is likely that more information would reduce
even further the apparent usefulness of these proportions.

The above commentary does not mean that proportional
dimensions no longer have a significant place in species recogni-
tion in Carcharhinus. The use of proportions in conjunction
with other characters which delimit the number of species to be
considered greatly enhances the value of the former. Also, if
consideration is given to allometric growth and the consequent
changes in proportions (the several patterns of which were
documented and discussed in Bass 1973) the usefulness of pro-
portions is further extended. In some cases, and notably for
those nominal species for which there is no type material, pro-
portional dimensions as given in the original description or
shown by illustrations provide the major or prime evidence for
identification.
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Figure 2.—Proportional dimensions of 25 species of Carcharhinus: a, prenarial length as percent of total length; b, preoral length as percent of total length; ¢, snout tip to pec-
toral origin as percent of total length; d, snout tip to pelvic origin as percent of total length (horizontal lines represent ranges; vertical lines are means; n = number of
specimens).
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Figere | Proportiossl denensons of 28 species of Carcharhinus: o, snout tip to first dorsal fin origin as percent of total leagth; b, snout tip to second dorsal fin origin
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Figure 4.—Proportional dimensions of 25 species of Carcharhinus: a, upper and lower labial furrow lengths as percent of total length; b, pectoral fin anterior margin as percent
of total length; c, first, third, and fifth gill opening lengths as percent of total length (horizontal lines represent ranges; vertical lines are means; n = number of specimens).
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Figure 5.—Proportional dimensions of 25 species of Carcharhinus: a, first dorsal fin height as percent of total length; b, first dorsal fin rear tip as percent of total length; c,
second dorsal fin height as percent of total length; d, upper caudal lobe length as percent of total length (horizontal lines represent ranges; vertical lines are means; n = number
of specimens).
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Figure 6.—Proportional dimensions of 25 species of Carcharhinus: a, preoral length divided by prenarial length; b, preoral length divided by internarial distance (horizontal
lines represent ranges; vertical lines are means; n = number of specimens).

Vertebrae.—Tables 1 and 2 provide data in the form of ranges
and means of total vertebral numbers and precaudal and caudal
numbers, respectively, in Carcharhinus species. Table 3 is a fre-
quency distribution of precaudal numbers. Data in all three
tables include vertebral counts from the literature as well as
those made during the course of the study or supplied to me by
others. The value of such data for separating species is imme-
diately apparent even though there is considerable overlap be-
tween species and no species has a unique complement of total,
precaudal, or caudal numbers. Caudal numbers are less useful
than precaudal, not only because they overlap more between
species and tend to be more variable within each species, but
also because the caudal vertebrae become so small at the tip of
the tail that they cannot always be counted on radiographs with
the same degree of confidence as precaudals. This last-
mentioned problem is accentuated in embryos, which frequently
contribute to a sizeable proportion of museum collections of
sharks, where the last caudal vertebrae are only formed or evi-
dent late in embryonic life whereas precaudal vertebrae are
established much earlier.

Data for many species are too few to give any firm indication
of the extent of geographical variability in vertebral numbers.
However, for a few species, such as longimanus and obscurus
which are worldwide and grow to a large size, it is clear that such
variability is small. By contrast, in a few other species
geographic variability is well marked but does not conform to
any consistent pattern. Amongst those species which have
limited distributions and are small in size, dussumieri varies in
vertebral numbers in a seemingly random way, whereas amphi-
American porosus has a pattern of numbers that may well be

correlated with water temperatures. Two further species,
brachyurus and brevipinna, which are essentially worldwide and
grow to a large size, also differ in the nature of their variability.
In brachyurus the variability is orderly and appears to be clinal
in nature, with the two ends of the cline separated by the mid-
Atlantic. In brevipinna the variability is less regular
geographically, but again the lowest and highest counts occur on
opposite sides of the Atlantic, or at least at the western North
Atlantic and the eastern Atlantic-Mediterranean (western South
Atlantic samples have intermediate counts). This trans-Atlantic
difference within each of these two species is manifest, however,
in two opposing ways: in brachyurus the western Atlantic
population has the highest precaudal numbers (matched only by
the eastern Pacific) whereas in brevipinna the western North
Atlantic population has the lowest precaudal numbers.

The striking relationship between vertebral numbers and max-
imum size in most fishes was skillfully explored and displayed by
Lindsey (1975), whose data included most of the counts in the
present study. Lindsey showed that for 24 species of Car-
charhinus there is a strong positive correlation (r=0.084;
P <0.001) between total vertebral count and maximum length.
A simple arithmetic plot (Fig. 9) indicates that there is a similar
correlation for counts of the two parts of the vertebral column,
i.e., for precaudal count and maximum length and also for
caudal count and maximum length. However, despite these cor-
relations there is a tendency, as evidenced by Table 2, for small-
sized species to have fewer precaudal than caudal vertebrae,
whereas the converse holds true for large-sized species. Notable
among the exceptions to this tendency are borneensis, cautus,
and melanopterus which, although of small size, have more
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Figure 7.—Proportional dimensions of 25 species of Carcharhinus: a, first dorsal fin height divided by length of first dorsal fin rear tip; b, first dorsal fin base divided by length
of first dorsal fin rear tip; c, first dorsal fin height divided by second dorsal fin height; d, second dorsal fin rear tip divided by second dorsal fin height (horizontal lines represent
ranges; vertical lines are means; n = number of specimens).
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Table 1.—Total vertebral numbers in 25 species of Carcharhinus (horizontal lines represent ranges; vertical lines are means;

= number of specimens).
n
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fitzroyensis ' |
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sealei —_— 33
sorrah o 19
cautus —_— 7
acronotus _— 10
brevipinna _— 120
plumbeus _ 41
amblyrhynchoides _——— 6
obscurus —_— 17
brachyurus e 58
amboinensis ——t - 19
limbatus e 120
altimus — 18
melanopterus —— 27
falciformis —_— 23
galapagensis —_— 28
perezii S 6
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amblyrhynchos ——— 14
wheeleri —_— 14
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longimanus — 23
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TOTAL VERTEBRAL NUMBERS

precaudal than caudal vertebrae, and obscurus and falciformis
which are of large size but have slightly fewer precaudals than
caudals.

Carcharhinus species do not differ greatly in their overall
body proportions including depth of trunk relative to its length.
This relativity must also pertain to the proportions of the
vertebral column judging by Figure 10 in which a plot of

length
diameter
the species in an order closely approximating the inverse of that
shown in Table 2 for precaudal numbers. Separation of individ-
ual species on this character is limited by the considerable degree
of overlap between them, but even so there is far less overlap
than in the plot shown in Figure 11 which displays data on
length of penultimate monospondylous centrum
length of first diplospondylous centrum

The position at which diplospondyly begins is rather variable
in Carcharhinus, not only between species but in many cases
within species (Fig. 12). In broad terms the commonest position
(14 species) is entirely within the limits of the pelvic base. In six
species it ranges farther posteriorly, to or slightly behind the sec-
ond dorsal fin origin, although including part of the pelvic base
or at least the level of the pelvic axil in the range. In three species
which are notably dissimilar in other ways (cautus, sorrah, and
fitzroyensis), it is entirely behind the pelvic base. Only in bor-
neensis, for which I have limited data, is the position clearly
anterior to the pelvic origin. I have no data for amboinensis.

Finally with respect to vertebrae, I note that although most
Carcharhinus species have diplospondylous centra which are
very regular in appearance (Plate 1) either because adjacent cen-
tra are uniform in length (the commonest situation) or alternate

of the penultimate monospondylous centrum places
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slightly but regularly in length, there are three species
(acronotus, dussumieri, and sealei) in which these centra are
markedly irregular. The irregularity is due to the presence of
elongate centra, frequently corresponding to monospondylous
centra in length, being interposed amongst the short diplospon-
dylous centra either singly or in groups (Plate 1). Usually these
long centra are precaudal, but in dussumieri they may be caudal
as well (see Species Accounts). In the three species mentioned,
the irregularity is present in at least half of the specimens exam-
ined. In a few other species occasional specimens show com-
parable though less striking irregularities of this nature.
Whether such irregularity in centrum length is matched by irreg-
ularity in the emergence or spacing of spinal nerves was not
examined.

Teeth.—Tooth counts of Carcharhinus species are shown in
the frequency distribution in Table 4, together with the com-
monest dental formula for each species. The data are almost
exclusively from counts made by me. Because the range in
number of teeth for all species combined is small, and many
species have counts spread across a sizeable fraction of this
range, dental formulae alone do not offer a ready means of
identifying species. However, dental formulae combined with
tooth shape, and to some degree tooth size, offer much more
scope. Differences in tooth shape are particularly evident in the
upper teeth which vary in the extent to which they are oblique or
upright, in the breadth of their blades, in the shape of their
margins, and in the nature of their serrations which may be
uniform or larger basally. The lower teeth are less variable, at
least in their breadth, most of them being narrow, but in a few
species they are distinctive in having smooth rather than serrated



Table 2.—Precaudal and caudal vertebral numbers, and maximum total length in 25 species of Carcharhinus (horizontal lines represent ranges;

vertical lines are means;

n=number of specimens).
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margins. Complicating the use of these features are firstly, dif-
ferences between juvenile and adult teeth, at least insofar that
juvenile teeth do not fully display the characteristics of adult
teeth, and secondly, sexual dimorphism. The extent of sexual
dimorphism in Carcharhinus has yet to be documented;
although it is very obvious in species such as brachyurus and
Sealei (see Species Accounts) it probably occurs to a lesser degree
in a greater number of species than has so far been recognized.

In summary the teeth are very useful diagnostic features, per-
mitting the ready identification of some species, e.g., altimus
and brachyurus, with a high degree of confidence. In other cases
they narrow the possibilities to a few species in which the dif-
ferences between the teeth are slight and subtle. Ultimate success
in recognizing these subtleties, and hence the species, depends
on such things as the nature of the teeth, comparative material,
the adequacy of illustrative material, and the experience of the
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observer. I note that the excellent photographs of the teeth of
many Carcharhinus species in Bass et al. (1973) provides a very
useful reference source.

Middorsal Dermal Ridge.—The presence of a low dermal
ridge along the midline between the dorsal fins in some species is
an immediately useful feature for distinguishing them from
others in which this ridge is absent (Table 5). In 9 species the
ridge is always present, and in 11 it is absent except for occa-
sional specimens in which it may occur as an artifact of preser-
vation, perhaps due to drying out or shrinkage. In longimanus it
is usually but not always present even in fresh specimens, while
the converse is true for amblyrhynchos, brachyurus, and
wheeleri which are usually smooth backed. The most variable
species is sealei in which two geographically separated popula-
tions differ in the extent to which they possess a ridge.
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Table 3.—Frequency distribution of precaudal vertebral numbers in 25 species of Carcharhinus (arrowed horizontal lines with a number in the middle represent range and number of specimens in the sample reported in the literature
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Figure 9.—Relation of mean number of precaudal and caudal
vertebrae to maximum total length in 25 species of Carcharhinus
(each symbol represents a species).
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Figure 10.—Length of penultimate monospondylous centrum divided by
its diameter in 24 species of Carcharhinus (no data for amboinensis;
horizontal lines represent ranges; vertical lines are means; n = number of
specimens).
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Figure 11.—Length of penultimate monospondylous
centrum divided by length of first diplospondylous cen-
trum in 24 species of Carcharhinus (no data for am-
boinensis; horizontal lines represent ranges; vertical
lines are means; n = number of specimens).
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Figure 12.—Position where diplospondyly begins relative to
origin, axil, and rear tip of the pelvic fin and origin of second
dorsal fin in 24 species of Carcharhinus (no data for amboinensis).

Color.—Overall body color of Carcharhinus species is of little
diagnostic value. Although it is true that living or freshly caught
specimens of different species are often clearly separable by col-
or, it is equally true that accounts by different authors of the
color of fresh specimens of the same species often differ
markedly. Postmortem changes in color, or changes due to
bleaching by sunlight or from preservation in Formalin or
alcohol reduce the color of most specimens to various hues of
drab gray, grayish brown, or brown above and white or paler
below, leaving little scope for discrimination.

The presence of a color pattern, involving dusky to black, or
white, markings on the fin tips and fin margins is, however, of
great importance in recognizing many species. Such markings
can also be subject to postmortem change or fading, and in
some species they vary not only with size (or age) of the
specimen but also geographically. For these reasons they need to
be used with caution in all except a few species where they are so
distinctive and well developed that they are not easily
misinterpreted.

With respect to a pattern of white markings, only two species
obviously fit this category, these being albimarginatus in which
the tips and trailing margins of all fins are white, and
longimanus in which most, and sometimes all, fins are white
marked but not uniformly so, being mottled with grayish
brown. Newborn and juvenile /ongimanus in addition have
black tips or blotches on most fins and on the dorsum of the
posterior half of the trunk, but these fade and are largely absent
in adults. The only other species in which a white fin marking is
important in diagnosis is wheeleri, in which the apex and trailing
margin of the first dorsal is white. However, in wheeleri all the
other fins are dusky to black tipped, and it is the combination of
these black markings, particularly the prominent black edge on
the trailing margin of the caudal, and the white-tipped first dor-
sal, which is significant.

The value of patterns involving black markings is limited to
some extent by the fact that all except one of the remaining
species may have dusky or dark fin tips. The exception is fitz-
royensis, so far known only from two specimens, in which the
fins have no obvious dark markings. The chief problem is in dif-
ferentiating between those species with prominent and consis-
tent markings, usually black rather than dusky, and those with
less definite, frequently inconsistent dusky markings. In the lat-
ter group can be placed 10 species in which dusky marks may be
present on some or most of the fin tips, but nearly always on the
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Plate 1.—Radiographs of Carcharhinus species showing variation in the nature of the diplospondylous centra. White caret indicates position at which diplospondyly begins. a)
C. wheeleri (MNHN 8001) with diplospondylous centra uniform in length and only slightly shorter than the monospondylous centra preceding them. Diameters of posterior
monospondylous centra notably greater than their lengths. b) C. porosus (USNM 82707) with uniform diplospondylous centra clearly shorter than the posterior monospon-
dylous centra. Diameters of posterior monospondylous centra are less than their lengths. ¢) C. sorrah (MNHN 1131) with diplospondylous centra alternating slightly but
regularly in length. d) C. dussumieri (MCZ 1386) with diplospondylous centra irregular in length. Behind the first short diplospondylous centrum is a long centrum, then a short
one, then two long ones which precede a series of short precaudal centra. Caudal centra likewise are irregular. e) C. dussumieri (USNM 72478) with the first two pairs of
diplospondylous centra alternating strikingly in length, and with two very long caudal centra interposed amongst others of short but varying lengths.
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Table 5.—Occurrence of middorsal dermul ridge in Carcharhinus
species.

Usually Usually
present  absent

Species

albimarginatus
altimus
dussumieri
JSaleiformis
galapagensis
obscurus
perezii
plumbeus
sorrah

sealei X' X!
longimanus X
amblyrhynchos

brachyurus

wheeleri

acronorus

amblyrhynchoides

amboinensis

borneensis

brevipinna

cautus

Sitzroyensis

leucas

limbatus

melanopiterus

POrosus

Present Absent
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'Eastern Indian Ocean—western Pacific specimens.
*Western Indian Ocean specimens.

pectoral and lower caudal, and generally not on the first dorsal.
Juveniles of these species usually have more definite markings
than adults. Nine of these 10 species are large sharks (altimus,
amboinensis, brachyurus, falciformis, galapagensis, leucas,
obscurus, perezii, plumbeus) but the tenth is the small porosus
which further differs from the others in sometimes having a
dusky margined first dorsal fin.

Contrasting with the above are 12 species with much more
definite dark markings. In four of these the markings are very
restricted in position. In dussumieri and sealei only the second
dorsal is black tipped, all other fins being pale. In acronotus the
second dorsal is similarly though less obviously marked, but as
well the caudal margins are usually dark, and in most, perhaps
all specimens in life, there is a dark blotch on the snout tip. In
borneensis the first dorsal tip is dark and the upper caudal has a
dusky margin. In the remaining eight species the markings are
much more extensive, involving several fins, Two of these
species (amblyrhynchos and wheeleri) are notable in having a
prominent, wide black edging along the trailing margin of the
caudal as well as dark tips or margins on most or all of the other
fins except the first dorsal which is either essentially plain col-
ored (amblyrhynchos) or distinctly white tipped (wheeleri). The
other six species (amblyrhynchoides, brevipinna, cautus, lim-
batus, melanopterus, and sorrah) have various combination of
black-tipped or black-margined fins (see Species Accounts)
which are diagnostic for some of them, though amblyrhyn-
choides, limbatus, and brevipinna are very similar in their mark-
ings. An unusual feature of brevipinna is that its black markings
are not present at birth but progressively develop in juveniles.
Data for /imbatus show that the shape of the black tip on the
underside of the pectoral fin varies throughout some parts of the
geographical range of this species. The two species in which the
black fin tips are most strikingly developed are melanopterus
and sorrah.
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are given in the mmmwlmumnd
practical value in identifying species. Basically the denticles are
very similar in shape in all Carcharhinus species, and differences
between smmwyummmm
stages of the same species. Some species have been described as
having nonimbricate denticles, in contrast to others with
overlapping denticles [see Springer (1960) who places plumbeus
and altimus in the former category], but although this is gen-
erally true, the usefulness of this criterion is reduced by the fact
that the young of several very dissimilar species (amboinensis,
borneensis, cautus, leucas, and porosus) can have loose-spaced
denticles whereas in the adults they are overlapping—and this
applies also to altimus where specimens greater than 1.5 m long
have overlapping denticles.

Biology.—Various aspects of the' biology of Car-
charhinus—in particular maximum size, size at first maturity,
size at birth, and number of embryos per litter—show dif-
ferences between the species as indicated in Figure 13. However,
it must be stressed that data for these parameters are in many
cases very sparse and subject to vaniability from several causes.
In at least some species, ¢.g., plumbeus, populations in parts of
the geographical range show differences in these parameters. In
most species data for maximum size indicate differences
between the sexes, with females being larger than males. Also in
those species for which data are relatively numerous there are
occasional records of specimens reaching a much larger size than
the many others in the samples. For these reasons, plus the
possibility of misidentifications in some literature accounts, the
data in Figure 13 can only be regarded as approximations, rather
crude in many cases, of what may be found in any particular
sample studied.

Maximum size as given in Figure 13 does not take account of
sex, but generally speaking it is based on females. Separate data
on males and females are presented in the species accounts.
Maximum size ranges from about | to 3.6 m. On average males
attain a maximum size about 7% smaller than females, but varia-
tion around this is considerable, and for all species the males
range from about 2 to 14% smaller than the females. Mean data
for each species on size at first maturity produces a plot for the
genus as a whole that parallels that of maximum size. On
average for both sexes combined first maturity is reached at
about 70% of maximum size. Again, males achieve this at a
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Figure 13.—Number of embryos per litter, size at birth, size at first maturity, and
maximum size in umormwmuum




smaller size than females, the difference between the sexes
averaging about 5% of maximum size. The spread, however, is
considerable, even using mean species data. Thus for males first
maturity size ranges from about 50 to 85% of maximum size,
while for females it is about 60 to 90%.

Mean values for each species for relative size at birth range
from about 22 to 39% of maximum size and average about 27%.
Actual size at birth ranges from 250 to 1,000 mm. The relation-
ship between birth size and maximum size is influenced by varia-
tion in the number of embryos per litter. The latter ranges from
1 to 23 (Fig. 13) and, as shown in Figure 14, there is a reasonably
good inverse relationship between this number and size at birth
as a percentage of maximum size. Species with the largest litters,
as, for example, those seven species which have a median litter
number of not less than 8 (actual litter range between 1 and 23)
are all of large maximum size, averaging 3.1 m long (range
2.7-3.6 m). Conversely, species with the smallest litters, such as
seven with a median litter number of not more than four (actual
litter range between one and six) are mostly of small to moderate
maximum size, averaging 1.8 m long (range 1.0-3.0 m).

Median mumber of embryos per litter

22 2 26 28 30 32 3 36 38 0

Median size at birth a1 percent maximum adult size

Figure 14.—Relation of mediga number of embryos per litter to
median size at birth as percent of maximum adult size in 21 species of
Carcharhinus (no data for amblyrhynchoides, borneensis, cautus, and
fitzroyensis).

The above data contribute to our knowledge of the species,
but they have little positive value, other than giving corrobora-
tion, for identifying species. They have some predictive value
for species for which biological data are very incomplete.
However, an equally important use is in providing evidence for
rejecting or casting doubt on some literature identifications
which are not supported by descriptions or illustrations but
which are accompanied by comments on various aspects of size
or biology.

GENERIC SYNONYMY

Carcharhinus Blainville, 1816:121. Type species Carcharias
melanopterus Quoy and Gaimard, 1824, by designation under
the plenary powers of the International Commission on
Zoological Nomenclature, Opinion 723, 1965:32; placed on
official List of Generic Names in Zoology under same Opin-
ion [Name No. 1657].

Galeolamna Owen, 1853:96. Type species Galeolamna greyi
Owen, 1853, by monotypy; treated in present account as
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species dubia although genus seems referable to Car-
charhinus.

Eulamia Gill, 1862:399, 401, 409-410. Type species Carcharias
(Prionodon) milberti Valenciennes in Miiller and Henle, 1841,
as listed by Gill on p. 410, by monotypy because the Eulamia
lamia Gill listed by Gill as type species on p. 401 was a nomen
nudum; junior synonym of Squalus plumbeus Nardo, 1827.

Platyposdon Gill, 1862:401. Type species Carcharias (Prio-
nodon) menisorrah Valenciennes in Miiller and Henle, 1841,
by original designation; equals Carcharias (Prionodon)
Jalciformis Bibron in Miiller and Henle, 1841, following lec-
totype designation for it in present account.

Isoplagiodon Gill, 1862:400, 401, 410. Type species Carcharias
(Prionodon) sorrah Valenciennes in Miiller and Henle, 1841,
by original designation.

Gymnorhinus Hemprich and Ehrenberg, 1899:8 (but spelt Gym-
norrhinus on pl. 7). Two included species, G. pharaonis
[equals Carcharias (Prionodon) falciformis Bibron in Miiller
and Henle, 1841] and G. abbreviatus [equals Carcharias
(Prionodon) limbatus Valenciennes in Miiller and Henle,
1841]; preoccupied by Gymnorhinus Wied, 1841, a bird.

Mapolamia Whitley, 1934:185, 188. Type species Carcharias
melanopterus Quoy and Gaimard, 1824, by original
designation.

Gillisqualus Whitley, 1934:185, 189. Type species Gillisqualus
amblyrhynchoides Whitley, 1934, by original designation.
Galeolamnoides Whitley, 1934:185, 191. Type species Car-
charias macrurus Ramsay and Ogilby, 1887a, by original

designation; equals Squalus obscurus Lesueur, 1818.

Longmania Whitley, 1939:231. Type species Carcharias
(Aprion) brevipinna Miiller and Henle, 1841, by original
designation.

Uranga Whitley, 1943:115. Type species Uranga nasuta
Whitley, 1943, by original designation; equals Carcharias
(Aprion) brevipinna Miiller and Henle, 1841.

Uranganops Whitley, 1943:117, Subgenus of Galeolamna:
type species Galeolamna (Uranganops) fitzroyensis Whitley,
1943, by original designation.

Lamnarius Whitley, 1943:119. Subgenus of Galeolamna: type
species Carcharias spenceri Ogilby, 1910, by original designa-
tion; equals Carcharias (Prionodon) leucas Valenciennes in
Miiller and Henle, 1841.

Ogilamia Whitley, 1943:122. Subgenus of Galeolamna: type
species Galeolamna (Ogilamia) stevensi (Ogilby, 1911), by
monotypy; equals Squalus plumbeus Nardo, 1827.

Bogimba Whitley, 1943:123. Subgenus of Galeolamna: type
species Galeolamna (Bogimba) bogimba Whitley, 1943, by
original designation; equals Carcharias (Prionodon) leucas
Valenciennes in Miiller and Henle, 1841.

Pterolamia Springer, 1950:7. Type species Squalus longi-
manus Poey, 1861; preoccupied by Pterolamia Breuning,
1942, a beetle; placed on Official Index of Rejected and In-
valid Generic Names in Zoology [Name No. 1752] by Interna-
tional Commission on Zoological Nomenclature, Opinion
723, 1965:33.

Pterolamiops Springer, 1951:244. Type species Squalus longi-
manus Poey, 1861, by original designation, through
Pterolamia Springer, 1950; placed on Official Index of
Generic Names in Zoology [Name No. 1661] by International
Commission on Zoological Nomenclature, Opinion 723,

1965:32.



GENERIC DIAGNOSIS

Carcharhinidae [in the sense of the ‘“‘advanced carcharhinids”
of Compagno (1970)] with an internal nictitating lower eyelid; no
spiracles or at most they are occasionally present in juveniles as
minute vestiges; short labial furrows, the length of each less than
1% TL', the lower scarcely or not visible when mouth is closed;
snout short to moderately long but the preoral length always less
than 10% TL; internarial distance at least 2.5 times nostril width;
teeth bladelike with single cusps, though the basal margins of the
cusps may have enlarged serrae; cusps of upper teeth serrated
towards their tips as well as basally; cusps of lower teeth serrated
or smooth; total number of teeth in row around upper or lower
jaw not exceeding 40 and usually less than this number; midpoint
of first dorsal base at least as near, and usually nearer, to pectoral
axil than to pelvic origin; vertical height of second dorsal fin never
more than 55% of height of first dorsal, and from 60 to 120% of
height of anal fin; second dorsal fin more or less above anal fin,
its origin usually in front of midpoint of anal base but excep-
tionally over posterior third of anal base; upper and lower
precaudal pits present, the upper better developed, crescent-
shaped, wider than long, with a well-marked anterior edge or
border; caudal peduncle without lateral dermal ridges.

INTRAGENERIC RELATIONSHIPS OF
CARCHARHINUS SPECIES

Some Species Groups

Previous attempts to subdivide the genus Carcharhinus have
not been successful. Proposals by Owen (1853), Gill (1862),
Whitley (1934, 1939, 1943), and Springer (1950, 1951) made
names available for 14 additional genus-group taxa for nominal
species here included in Carcharhinus. Taking into account that
some of these are synonyms, the remainder have as their type
species 10 (or 40%) of the 25 species treated here as valid (Table
6). These genus-group taxa were defined on various criteria.
Owen (1853) based his Galeolamna on dental characteristics.
Gill (1862) diagnosed Eulamia, Platypodon, and Isoplagiodon
mainly on tooth shape but with some reference to fin positions.
Whitley (1934, 1939, 1943) used a wider range of features for the
nine genera or subgenera he proposed, including snout length
and shape, tooth shape and number, fin positions, and in some
cases the presence or absence of a middorsal ridge. Springer
(1950, 1951) defined Pterolamiops principally on the presence of

a middorsal ridge coupled with rounded tips to the first dorsal
and pectoral fins.

Perhaps the prime reason for these taxa failing to become
established in usage is that for the most part they were erected
on the basis of only one species for each and without sufficient
reference to, or distinction from, other known species. I do not
imply criticism in this statement—the poor state of knowledge
of Carcharhinus species in general did not allow meaningful
comparison in many cases. The main exception to the above is
Springer’s (1950, 1951) treatment of Pterolamiops in which he
surveyed a wide range of species and concluded that Car-
charhinus s.]. could be subdivided into smooth-backed species
(Carcharhinus s.s.) and ridge-backed forms, with the latter in
turn subdivisible into those with pointed first dorsal and pec-
toral tips (Eulamia) and those with rounded tips (Pterolamiops).
The failure of this treatment stemmed from subsequent realiza-
tion that both his ridge-backed (Eulamia) group and his smooth-
backed group contained species too diverse in other features to
be aligned with each other.

If one takes an overview of shark systematics in general, the
best single feature that could be cited for determining similarities
and differences between taxa at all levels, but perhaps
predominantly at the generic level, is the shape of the teeth. On
this basis it is reasonable to make an a priori assumption that the
teeth of Carcharhinus could be expected to throw considerable
light on the relationships of the species, especially as these teeth
display a wider range of variation than those of other genera.
This range of variation is, however, disquieting in two ways.
Firstly it is so wide relative to that of other comparably large or
speciose genera, e.g., Mustelus or Etmopterus, as to suggest that
several genera must be involved. Secondly, despite its width and
the very great difference between the teeth of some species
relative to others (Fig. 15), it forms essentially a continuum, or
rather a network, with many intergradations between the
extremes. Thus, although the upper teeth (which are the most
variable) may be very narrow, or contrastingly broad, they may
also be of intermediate, moderate breadth. A similar lack of
discontinuity applies to other of their features, including the
shape of the tooth margins (straight, concave, notched, or
sinuous), the serrations on the margins (of uniform size or
enlarged basally), and whether the teeth are erect or oblique.
The consequence of this is that it is virtually impossible to cate-
gorize discrete tooth types into which the species can be grouped
with confidence. The best that can be done is to recognize nodes
of diversity in tooth shape which exemplify the several extremes

Table 6.—Available genus-group names for Carcharhinus species.

Name Type species

Identity of type species

Galeolamna Owen, 1853

Eulamia Gill, 1862
Ogilamia Whitley, 1943
Platypodon Gill, 1862
Isoplagiodon Gill, 1862
Mapolamia Whitley, 1934

Gillisqualus Whitley, 1934
Galeolamnoides Whitley, 1934
Longmania Whitley, 1939
Uranga Whitley, 1943
Uranganops Whitley, 1943
Lamnarius Whitley, 1943
Bogimba Whitley, 1943
Pterolamiops Springer, 1951

Galeolamna greyi Owen

Carcharias (Prionodon) milberti Val.
Carcharhinus stevensi Ogilby
Carcharias (Prionodon) menisorrah Val.
Carcharias (Prionodon) sorrah Val.
Carcharias melanopterus Q. & G.

Gillisqualus amblyrhynchoides Whitley

Carcharias macrurus Ramsay & Ogilby

Carcharias (Aprion) brevipinna M. & H.
Uranga nasuta Whitley

Galeolamna (Uranganops) fitzrovensis Whitley

Carcharias spenceri Ogilby

Galeolamna (Bogimba) bogimba Whitley

Squalus longimanus Poey

Species dubium (poss. faiciformis
or obscurus)

plumbeus Nardo

plumbeus Nardo

Jfalciformis Bibron

sorrah Val.

melanopterus Q. & G.

(= type species of Carcharhinus
Blainville, 1816)

amblyrhynchoides Whitley

obscurus Le Sueur

brevipinna M. & H.

brevipinna M. & H.

fitzroyensis Whitley

leucas Val.

leucas Val.

longimanus Poey




Figure 15.—Upper tooth shape as exemplified by fifth upper tooth in 24 species of Carcharhinus (amboinensis not shown): a, brevipinna; b, limbatus; ¢, amblyrhynchoides; d, wheeleri; e, amblyrhynchos; f, melanopterus; g, acronotus; h,
porosus; i, borneensis; j, sealei; k, dussumieri; I, cautus; m, fitzroyensis; n, sorrah; o, albimarginatus; p, falciformis; q, perezii; r, brachyurus; s, longimanus; t, leucas; u, obscurus; v, galapagensis; w, plumbeus; x, altimus.



that are present. Obvious examples of such nodes are narrow,
erect teeth as in /imbatus, broad, essentially erect teeth as in
longimanus, and oblique, notched teeth as in several species,
though these last mentioned are further divisible into uniformly
serrated teeth as in acronotus or teeth with enlarged basal serrae
as in sealei. The teeth of many species can, however, only be
described as having a shape which falls between two of these
nodes.

From the above comments it is clear that the teeth do not
allow an unequivocal division of Carcharhinus into groups of
species with common dental characteristics. Despite this, eight
species forming four species pairs can be recognized (sealei-
dussumieri; leucas-amboinensis; limbatus-amblyrhynchoides;
amblyrhynchos-wheeleri) in which the members of each pair
have virtually identical teeth and this dental similarity is
matched by equally strong similarity in other aspects of these
species’ morphology. The teeth in these cases are an obvious
index of close relationship. Attempts to extrapolate this usage of
the teeth are less successful. For example, the teeth of obscurus
differ only slightly from those of galapagensis and plumbeus,
and these species share many common features, all being large,
ridge-backed, and rather blunt-snouted sharks. On this basis the
teeth again appear to be of value in suggesting close relation-
ship. However, the teeth of obscurus are also very similar to
those of leucas-amboinensis, but the latter two species, although
large, blunt-snouted sharks, lack a middorsal ridge, a feature
regarded by several authors, and particularly Springer (1950,
1960), as of prime systematic importance. The question thus
arises as to the relative importance of dental similarities and
presence/absence of a middorsal ridge in determining relation-
ships between the species.

A middorsal ridge is absent in most shark groups, including,
as far as I know, all those regarded as primitive. Its presence is
best documented in the triakid-carcharhinid assemblage. On this
evidence it is undoubtedly a derived character. Within Car-
charhinus (Table 5) it is always present in only 9 species, always
absent in 11 species, and variously present or absent in the
remaining 5. In one species (sealei) it is usually absent in the
western Indian Ocean population but usually present in the
eastern Indian Ocean-western Pacific population. The group of
species in which it is always present is diverse, its members rang-
ing from the small dussumieri which has oblique, notched teeth
with large basal serrae to the large obscurus with broad, essen-
tially erect, and uniformly serrated teeth. This distribution of
the middorsal ridge suggests that it has been, or is being, derived
independently in several lineages. As such, little weight can be
placed on it as an indicator of relationships between species. Its
presence in obscurus-galapagensis-plumbeus may result from
their sharing a common, close ancestry, but such a conclusion
would be arbitrary.

Returning to the matter of the similarity in tooth shape be-
tween obscurus and leucas, the view must be reached that this is
of little immediate significance since the presence of a middorsal
ridge in one and its absence in the other points to their belonging
in different lineages. The value of tooth-shape similarities in
determining relationships between species is, therefore, limited.

Other characters examined in the present study (chiefly mor-
phometrics, vertebrae, snout and fin shapes and positions, col-
or, and biology) vield results comparable with those from the
teeth, i.e., they mainly show a wide range of almost continuous
variation. They do not point to the existence of distinct or
substantial subgeneric groupings. However, it could be main-
tained that the four species pairs mentioned above constitute
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potential or even actual subgeneric taxa, but to recognize these
formally would still leave the bulk of the species in one
heterogeneous assemblage whose individual members differ as
much from each other as do the species-pairs groups. Likewise
one could nominate various individual species for separate
subgeneric status because they have one or more features which
are extreme or unusual compared with the others—e.g., bor-
neensis or longimanus. 1 am not persuaded that any of these
actions are desirable at this stage of our knowledge of Car-
charhinus, since it is likely that at least some of them could
burden the literature with unnecessary names. Comments on
these and other possible species relationships within the genus
are, however, given below.

limbatus-amblyrhynchoides group

These two species are moderate to large-sized sharks, distinc-
tive in having the combination of no middorsal ridge; narrow,
erect upper teeth; black-tipped fins; a pointed snout; and the
first dorsal origin about over the pectoral axil. One of them, lim-
batus, is worldwide, and the other, amblyrhynchoides,restricted
to the Indo-western Pacific. The only other species which clearly
approximates to them on these features and hence could be
regarded as a member of this group is brevipinna, which is also
large and almost worldwide. It differs from them in having
smooth-edged lower teeth, the first dorsal origin about over the
inner pectoral corner, and generally smaller fins. Also, although
subadult and adult brevipinna have black-tipped fins, newborn
and juveniles lack such markings.

sealei-dussumieri group

The striking similarity between the small Indo-Pacific sharks,
sealei and dussumieri, is evident at first glance from their unique
color pattern in which only the second dorsal fin is black, but
closer inspection of them reveals numerous other common
features including notched upper teeth with enlarged basal ser-
rae, oblique lower teeth, a well-developed pointed lobe on the
anterior nasal flap, and an overall correspondence in snout
shape and fin shapes, sizes, and relationships. The moderately
high second dorsal fin with its origin usually slightly behind the
anal origin may be a significant feature. Another important and
unusual character is that the diplospondylous centra are fre-
quently very irregular in length. A low middorsal ridge is present
in dussumieri but is variously present or absent in sealei.

The smooth-backed, western Atlantic acronotus shares
enough of the above features to be considered as a member of
this group. It is similarly small and has a dark-tipped second
dorsal, though this marking is less striking than in sealei and
dussumieri, and as well there are dusky margins on some fins
and a dusky blotch on the snout tip. The teeth are similar in
shape except that the upper teeth lack enlarged basal serrae.
There is general agreement in all other features, including irreg-
ularities in the length of the diplospondylous centra.

The other two possible members of this group are the western
Atlantic and Pacific porosus and the Australian fitzroyensis,
even though they differ from each other and from the others in
some of the above features. Both are small and smooth backed,
and neither has any dark mark on the second dorsal fin. In
porosus the second dorsal fin origin is much farther back
relative to the anal origin, and only occasionally are there slight
irregularities in the diplospondylous centra. The upper teeth of
fitzroyensis are longer, the lower teeth are erect, the eye is



smaller, and in the single specimen that could be radiographed
the diplospondylous centra alternated slightly but regularly in
length. In both fitzroyensis and porosus diplospondyly can
begin behind the pelvic base, as it does also in some specimens
of sealei and dussumieri but not in acronotus.

leucas-amboinensis group

The two species which constitute this group are the worldwide
leucas and the Indo-Pacific-eastern Atlantic amboinensis. These
are large, smooth-backed sharks which stand apart from all
others in having a very short broad snout, small eyes, broad
erect upper teeth, the first dorsal origin about over the pectoral
axil, a moderately high second dorsal whose origin is notably
anterior to the anal origin, and no obvious color pattern other
than dusky tips on some fins. They, and particularly /eucas, are
also unusual in having a proclivity for entering fresh or brackish
water.

The only species which show much resemblance to /eucas and
amboinensis are cautus and melanopterus, but these latter are
not only much smaller sharks but also differ markedly in their
teeth, in the relative positions of the first dorsal/ pectoral and
second dorsal /anal fin, and in having prominent color patterns.

melanopterus-cautus group

The Indo-Pacific melanopterus and the Australian cautus are
moderate-sized sharks lacking a middorsal ridge. Common
features which suggest they should be grouped include their
short snouts, their teeth (uppers rather narrow, oblique,
notched laterally, and with markedly coarser serrations basally),
their high second dorsal fins, their prominent nasal lobes, close
agreement in fin shapes and positions, and their prominent col-
or patterns. They further agree with each other and are unusual
amongst other species of comparable size in having more
precaudal than caudal vertebrae.

amblyrhynchos-wheeleri group

Both amblyrhvnchos (Indo-Pacific) and wheeleri (Indian
Ocean) are moderate to large-sized sharks, immediately distinc-
tive in their color pattern of dusky fins and particularly in hav-
ing the trailing margins of the caudal fins prominently edged
with black. However, many of the other features they hold in
common lie within the midrange of those for the genus as a
whole. Thus their snouts are of moderate length and rounded,
the second dorsal fins are of moderate height and about over the
anal origin, and the first dorsal fins are about over the inner pec-
toral corners. The upper teeth are of moderate breadth, slightly
oblique, notched laterally, and with coarser serrations basally.
There is usually no middorsal ridge. A more extreme character is
their high vertebral numbers.

The species which most agrees with them in overall mor-
phology, including the teeth, and in vertebral characteristics, 1s
the Indo-Pacific a/bimarginatus. On this basis it can be regarded
as a member of the group, though it differs trenchantly in its
color pattern of white-tipped fins (but wheeleri has a white-
tipped first dorsal) and also always has a low middorsal ridge.

obscurus-galapagensis group

Features which bind the members of this group together are
that they are large sharks, with middorsal ridges that are not

noticeably narrow, with broad or moderately broad upper teeth
that are concave laterally and uniformly serrated or at most with
slightly coarser serrations basally, bluntly rounded snouts of
moderate length, the second dorsal fin origin about over the
anal origin, and no obvious color pattern although some fin tips
may be dusky. The two central members of the group are
obscurus and galapagensis, both of which are worldwide. Three
other species, plumbeus, altimus, and perezii (the first two
essentially worldwide, but perezii is known only from the Carib-
bean), also seem referable to the group despite some differences.
In plumbeus and altimus the first dorsal origin is about over the
pectoral axil, but although this distinguishes them from the
others in which the dorsal fin is relatively farther rearward, it
does not appear to be a significant common feature since
plumbeus and altimus differ markedly in other ways. A further
distinction of plumbeus is that diplospondyly occurs far back,
usually behind the pelvic axil. The upper teeth of altimus,
although broad, are noticeably longer than in the other species,
and likewise the snout is longer and the second dorsal origin is
further forward relative to the anal. The inclusion of perezii in
the group is based on its very strong similarity to galapagensis in
all features except its teeth which are distinctly narrow and
strongly notched laterally.

A case could also be made for referring the worldwide
longimanus to this group, despite its obvious differences in color
pattern (white mottled fin tips) and fin size and shape. If these
differences are set aside it agrees in most other features,
although it is not always ridge backed, it has a shorter snout,
and the second dorsal fin is somewhat farther forward relative
to the anal. Its difference in color is striking, but it should be
noted that its white fin markings are preceded in juveniles by
black markings. Its large first dorsal and pectoral fins are less
distinctive in their size than in being notably round tipped (par-
ticularly the dorsal). Hubbs (1951) suggested that the latter
characteristic is ‘‘merely the retention of an embryonic feature”
and noted that falciformis also has a broadly rounded first dor-
sal. Krefft (1954) proposed that this explanation of neoteny did
not mean that the placement of /ongimanus in a separate genus,
Pterolamiops, is unjustified, since the origin of even much
higher taxonomic categories is based on such a persistence of
embryonic characters. Although Krefft’s proposal has merit, I
believe that in the absence of evidence to show that longimanus
differs from other Carcharhinus species in a more fundamental
way, it is better treated as a species extreme in some respects but
still within the bounds of that genus. If this is accepted, it ap-
pears to have most in common with the obscurus-galapagensis
group.

Other Species and Possible Relationships

falciformis and sorrah

Springer (1950) placed the worldwide falciformis in Eulamia,
along with such species as altimus, obscurus, perezil, and
plumbeus. However, although falciformis agrees with them in
being a large, ridge-backed shark with pointed pectoral tips, it
differs in many other features including particularly the nature
of the middorsal ridge and the very low and attenuate second
dorsal fin. In these latter features it agrees much more closely
with sorrah, a species of moderate size from the Indo-Pacific.
The middorsal ridge in both of these species is noticeably narrow
and very well defined. In both of them also the value for the



relationship between the length of the second dorsal rear tip and
second dorsal height is at the extreme for all other Carcharhinus
species, except borneensis (which is obviously different in many
other ways). If these similarities are indicative of relationship, it
can be noted that they are reinforced by a general similarity of
form as well. There are, however, important differences be-
tween them also. These include the teeth (upper teeth shape, and
also the oblique lower teeth of sorrah), the lobe on the anterior
nasal flap (virtually absent in falciformis but prominent in sor-
rah), the shape of the first dorsal fin, the position at which
diplospondyly occurs (unusually rearward in sorrah), and the
color pattern.

brachyurus

I am unable to align the worldwide brachyurus with any other
species. Although it comes closest to /imbatus and amblyrhyn-
choides in being a large, smooth-backed shark with a moderate-
ly long and pointed snout, it differs notably from them in other
features including particularly the shape of the upper teeth. The
latter, which are rather small and somewhat hooked in ap-
pearance, are most nearly approached by those of the ridge-
backed perezii, but T doubt that this similarity is significant. In
many aspects of its external morphology brachyurus is
‘“‘average,’’ with morphometric values and fin shapes and posi-
tions lying in the midrange of those for all species.

borneensis

This small, smooth-backed, western Pacific species stands
apart from all other members of Carcharhinus in having a
discrete series of enlarged pores along each side of the mouth. In
this feature it resembles Rhizoprionodon, and this similarity is
enhanced by its overall correspondence with species of that
genus in external morphology including, in particular, its low at-
tenuate second dorsal whose origin is at least halfway back
along the anal base, and its very short pectoral fin. It is further
unique amongst Carcharhinus species in having diplospondyly
occurring slightly in front of the pelvic origin.

CARCHARHINUS SPECIES
AND THEIR PRIMARY SYNONYMS

C. acronotus (Poey, 1860)
Squalus acronotus Poey, 1860
Carcharias (Prionodon) remotus Valenciennes in Dumeril,
1865
C. albimarginatus (Riippell, 1837)
Carcharias albimarginatus Riippell, 1837
Eulamia (Platypodon) platyrhynchus Gilbert, 1892
C. altimus (Springer, 1950)
Eulamia altima Springer, 1950
Carcharinus radamae Fourmanoir, 1961
C. amblyrhynchoides (Whitley, 1934)
Gillisqualus amblyrhynchoides Whitley, 1934
C. amblyrhynchos (Bleeker, 1856)
Carcharias (Prionodon) amblyrhynchos Bleeker, 1856
Carcharias nesiotes Snyder, 1904
Galeolamna fowleri Whitley, 1944
Galeolamna tufiensis Whitley, 1949
Galeolamna coongoola Whitley, 1964
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C. amboinensis (Miiller and Henle, 1841)
Carcharias (Prionodon) amboinensis MUlller and Henle, 1841
Carcharias (Prionodon) henlei Bleeker, 1853
Carcharias (Prionodon) brachyrhynchos Bleeker, 1856
C. borneensis (Bleeker, 1858-59)
Carcharias (Prionodon) borneensis Bleeker, 1858-59
C. brachyurus (Glinther, 1870)
Carcharias brachyurus Glinther, 1870
Carcharias lamiella Jordan and Gilbert, 1883b
Eulamia ahenea Stead, 1938
Carcharinus improvisus Smith, 1952a
C. brevipinna (Miller and Henle, 1841)
Carcharias (Aprion) brevipinna Mifller and Henle, 1841
Isogomphodon maculipinnis Poey, 1865
Uranga nasuta Whitley, 1943
Galeolamna fowleri Whitley, 1944 (in part)
" Longmania calamaria Whitley, 1944
Carcharinus johnsoni Smith, 1951
Aprionodon caparti Poll, 1951
C. cautus (Whitley, 1945)
Galeolamna greyi cauta Whitley, 1945
C. dussumieri (Valenciennes in Mtller and Henle, 1841)
Carcharias (Prionodon) dussumier: Valenciennes in Miiller
and Henle, 1841
Carcharias (Prionodon) tjutjot Bleeker, 1852
Carcharias (Prionodon) javanicus Bleeker, 1852
Carcharias malabaricus Day, 1873
C. falciformis (Bibron in Milller and Henle, 1841)
Carcharias (Prionodon) falciformis Bibron in Miiller and
Henle, 1841
Carcharias (Prionodon) menisorrah Valenciennes in Mifller
and Henle, 1841
Squalus tiburo Poey, 1860
Aprionodon sitankaiensis Herre, 1934
Carcharhinus floridanus Bigelow, Schroeder, and Springer,
1943
Eulamia malpeloensis Fowler, 1944
C. fitzroyensis (Whitley, 1943)
Galeolamna (Uranganops) fitzroyensis Whitley, 1943
C. galapagensis (Snodgrass and Heller, 1905)
Carcharias galapagensis Snodgrass and Heller, 1905
C. leucas (Valenciennes in Muller and Henle, 1841)
Carcharias (Prionodon) leucas Valenciennes in Mtiller and
Henle, 1841
Carcharias (Prionodon) zambezensis Peters, 1852
Squalus obtusus Poey, 1861
Squalus platyodon Poey, 1861
Eulamia nicaraguensis Gill and Bransford, 1877
Carcharias azureus Gilbert and Starks, 1904
Carcharias spenceri Ogilby, 1910
Galeolamna (Bogimba) bogimba Whitley, 1943
Galeolamna greyi mckaili Whitley, 1945
Galeolamna mckaili Whitley, 1951a
Carcharhinus Vanrooyeni Smith, 1958b
Carcharhinus leucas leucas Urist, 1962
Carcharhinus leucas nicaraguensis Urist, 1962
C. limbatus (Valenciennes in Miiller and Henle, 1841)
Carcharias microps Lowe, 1840
Carcharias (Prionodon) limbatus Valenciennes in Miiller and
Henle, 1841
Carcharias (Prionodon) pleurotaenia Bleeker, 1852
Carcharias (Prionodon) Mulleri Steindachner, 1867
Carcharias Ehrenbergi Klunzinger, 1871



Carcharias aethalorus Jordan and Gilbert, 1883a
Carcharias phorcys Jordan and Evermann, 1904
Carcharhinus natator Meek and Hildebrand, 1923
Galeolamna pleurotaenia tilstoni Whitley, 1950

C. longimanus (Poey, 1861)
Squalus (carcharias) maou Lesson, 1830
Squalus longimanus Poey, 1861
Carcharias insularum Snyder, 1904
Pterolamiops magnipinnis Smith, 1958a
Pterolamiops Budkeri Fourmanoir, 1961

C. melanopterus (Quoy and Gaimard, 1824)
Carcharias melanopterus Quoy and Gaimard, 1824
Carcharhinus commersonii Blainville in Vieillot, 1825
Carcharias (Hypoprion) playfairii Giinther, 1870
Carcharias marianensis Engelhardt, 1912

C. obscurus (Lesueur, 1818)
Squalus obscurus Lesueur, 1818
Carcharias (Prionodon) obvelatus Valenciennes in Webb and

Berthelot, 1844

Carcharias macrurus Ramsay and Ogilby, 1887a
Galeolamna (Galeolamnoides) eblis Whitley, 1944
Carcharinus Iranzae Fourmanoir, 1961

C. perezii (Poey, 1876)
Platypodon Perezii Poey, 1876
Eulamia springeri Bigelow and Schroeder, 1944

C. plumbeus (Nardo, 1827)
Squalus plumbeus Nardo, 1827

Carcharias (Prionodon) milberti Valenciennes in Mtiller and
Henle, 1841
Carcharias ceruleus De Kay, 1842
Lamna caudata De Kay, 1842
Carcharias (Prionodon) japonicus Temminck and Schlegel,
1850
Carcharias obtusirostris Moreau, 1881
Carcharhinus stevensi Ogilby, 1911
Carcharinus latistomus Fang and Wang, 1932
Galeolamna dorsalis Whitley, 1944
C. porosus (Ranzani, 1840)
Carcharias porosus Ranzani, 1840
Carcharias (Prionodon) Henlei Valenciennes in Miiller and
Henle, 1841
Carcharhinus cerdale Gilbert in Jordan and Evermann, 1898
C. sealei (Pietschmann, 1913)
Charcharias borneensis Seale, 1910
Carcharias sealei Pietschmann, 1913
Platypodon coatesi Whitley, 1939
C. sorrah (Valenciennes in Mtiller and Henle, 1841)
Squalus Spallanzani Peron and Lesueur in Lesueur, 1822
Carcharias (Prionodon) sorrah Valenciennes in Mtller and
Henle, 1841
Carcharias (Prionodon) bleekeri Dumeril, 1865
Carcharias taeniatus Hemprich and Ehrenberg, 1899
Galeolamna (Galeolamnoides) isobel Whitley, 1947
C. wheeleri n. sp.

KEY TO THE SPECIES OF CARCHARHINUS

This key is based chiefly on external characters, including the teeth, but because these show a great deal of intraspecific variation and
overlap between species some identifications will require vertebral counts for confirmation. Wide intraspecific variation also means that
some species will key out in two places. As is the case with other groups, familiarity with the species will lead to their identification on
subtle features such as, for example, nuances of fin shapes which are very reliable but unfortunately do not lend themselves to treat-
ment in keys. The approach used in this key is very similar to that of Bass et al. (1973) in their treatment of southern African species of
Carcharhinus; however, any shortcomings are my responsibility.

la. First dorsal fin only slightly tapered towards its apex which is broadly rounded; most fins mottled white
(adults) or if black tipped there are also black dorsal saddles on the caudel peduncle (juveniles) (up to 3.00
T8 WIOHIRIT ) ¢ o e 16 o B At oy B i il B S Lok & e bihd Mt 5 el LA .. longimanus
1b.  First dorsal fin obviously tapered towards its apex which is pointed or sharply rounded; fins not mottled
white and if black tipped there are not black dorsal saddles on the caudal peduncle . . . ........... e = s ' 2

2a. Second dorsal fin with a conspicuous black tip but all other fins completely lacking dark markings............. T L. S

2b. Second dorsal fin plain, white tipped or black tipped but if black tipped there are dark markings on the
1PV 01 01 § D10 i 018 612 60 D o = et e L e e s AN . oy o b 4

. : 13-2-13
Ja. " First | Stis i - /
a irst dorsal fin erect; dental formula usually Bor 14113 or 14

; large basal serrae on lateral margins of
upper teeth are themselves serrated; width of pectoral fin 1.4-1.8 in length of anterior margin of pectoral;
width of mouth 6.4-8.3% TL; 54-74 precaudal centra (up to 1.00 m; Indo-Pacific) .. ........................

12-2-12
12-1-12

. .dussumieri

3b. First dorsal fin falcate; dental formula usually ; large basal serrae on lateral margins of upper

teeth are usually not serrated; width of pectoral fin 1.7-2.0 in length of anterior margin of pectoral; width
of mouth 4.2-6.6% TL; 74-85 precaudal centra (up to 0.95 m; Indo-Pacific) . .. .............. 5N e e ot b et N0 XSETRIO
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4b.

5a.

5b.

6b.

7a.

8a.

8b.

9a.

9b.

10a.

10b.

11a.

11b.

12a.

12b.

13a.

13b.

Caudal fin prominently edged with black along entire trailing margin; first dorsal fin plain or with a white
tip but never with dark markings . .. ......cuueeonniuusenurinieietuiorassuoncastoonnsseanabesssnasenaresensnsseis

Caudal fin not prominently edged with black along entire trailing margin or, if it is, the first dorsal fin also
has/dark OF DIACK MATKINES . ¢ o .'v » oo ss « ais o v e s asaatisaiassassshensssieseensesss i e viais sy et praEaaspes [
First dorsal fin with distinct white tip and trailing margin (up to 1.72 m; western Indian Ocean). ..................... wheeler

First dorsal fin without distinct white tip and trailing margin (up to 2.54 m; Indo-Pacific) .................... amblyrhyncho.

InterdOrsal TIAZE PIESENIL . . « e ev s« s sioe s easoansassasoimssssonnsnsaseoossqiossesssnssasssesnsslosicssioenesesssses !
Interdorsal HAZE ADSEIE . .. . <« vv ca e o e o ne o esennassssosasassssasesssssssansssnnsnnssosaseacostashsossssnssesns 1.
First dorsal, pectoral, pelvic, and caudal fins with obvious white tips and trailing margins (up to 2.75 m;

Indo-PAacific, Easterni PACITICY, , i ov s oo oo o s a5 als & s ank s s s 46 55 86 0 /s e Nl s sln 40s a witalh llalafth s s lae & e creis o i e albimarginatu

First dorsal, pectoral, pelvic, and caudal fins with dark markings or plain or variously dark and 1111 e g vy o 8 !

Second dorsal, pectoral, and lower lobe of caudal fin markedly black tipped; first dorsal fin apex narrowly
edged with black; anal fin plain; usually only 12 lateral teeth on each side of upper jaw (up to 1.55 m;
INAO-PACIHIC) 8 Saikursi i sprsstae naslo1 seabubsketh b s =i w5 & Sinckin o & s ek ae » arodaie sle o u il Houvin i atce T LRI T sorra

Fins variously plain or dusky tipped but not black and not marked in the above combination; usually not
less than 13 and frequently 14 or more lateral teeth on each side of upper jaw. ... ... iiiiiiiiiiiiiiiaeaians :

First dorsal fin origin in front of or over the pectoral axil or at least nearer to it than to the inner pectoral

First dorsal fin origin slightly in front of or over or behind the inner pectoral corner; if in front it is still
nearer to the pectoral corner than to the pectoral axil ... ....... .. 0000l S0 U Ui SRS S0 e e Uit S 1

Usually 14 lateral teeth on each side of upper jaw; upper teeth not noticeably long; 82-97 precaudal centra
(up t0 2.40 M WOTIAWIAER),x.» = < 51 550w dindimio st sikbaispssa 5 isialiske misiais Mefssho st x mis Saahols SEA B EE R AR P s plumbeu

Usually 15 or more lateral teeth on each side of upper jaw; upper teeth noticeably long; 101-110 precaudal
centra (up to 2.82 m; worldwide)
First dorsal fin origin clearly behind inner pectoral corner (up to 3.30 m; worldwide) ............. .. ... ... ...... falciformi

First dorsal fin origin over or slightly in front of inner pectoral COTMEr. . . ... ..ottt ittt i e e iine s enaannnens 1

Not more than 13 upper lateral teeth and 12 lower lateral teeth on each side of jaw (up to 2.95 m; western
ARATILICY o o ioiiovmyn s o e 4t 4 1 s 5 e, 557w Hers i s e el N e SO s e U P P T perez

Usually at least 14 upper lateral teeth and 13 lower lateral teeth oneachsideofjaw ............ ... i iiienea... 1

Upper teeth narrow, their lateral margins deeply concave to notched, their medial margins distinctly con-
cave also'(up'to 2.92m; WOFIAWIAE). ... ...« .o idiieid it s s eia e TR S b e PR ORI brachyuru

Upper teeth broad, their lateral margins concave but not notched, their medial margins straight or convex
rather than concave



Sa.

5b.

6b.

Ta.

7b.

8a.

8b.

9a.

9b.

Ob.

2b.

13b.

A

Height of second dorsal fin 2.1-3.3% TL and 1.3-1.7 in length of its rear tip; 103-109 precaudal centra (up

e e g ) e S o N

Height of second dorsal fin 1.5-2.3% TL and 1.6-2.1 in length of its rear tip; 86-97 precaudal centra (up to
L e T Lt S B R S A

Entire trailing margin of caudal fin with a narrow but obvious blackedging . . ... ............ ... .. ..

Trailing margin of caudal fin not or only partly edged with duskinessorblack ................ ... ... ..

First dorsal fin apex with a prominent black blotch (up to 1.80 m; Indo-Pacific, Mediterranean) . ........ ..

First dorsal fin with a narrow black edging on the anterior margin but apex lacks a black blotch (up to 1.50
0 1 D et el 5.5 57 o o & hom 5 r n arm. e o oa o ke e 2.0 & a6 w80 % s 0m 8

Upper teeth broad, their lateral margins not notched (Fig. 15 t); distance between inner nostrils usually

grieaterthan'or equal toPreoral TeNGEN . . . . . . ... «oros cmnhie ox i« o o8 s a7 e v s s oo xin s s s asesassnssbnssass

Upper teeth narrow, or if of moderate breadth their lateral margins are clearly notched; distance between

mnernostrils usually less than Preoral IBNEEN « . oo oo o v vim a5 e o oee e mo o os o4 s s iain nioneis s sie s ns sinnn mnce

First dorsal fin height more than 3.1 times second dorsal fin height; usually 11 lateral teeth on each side of

lower jaw; 89-95 precaudal centra (up to 2.23 m; Indo-Pacific, eastern Atlantic)..........................

First dorsal fin height equal to or less than 3.1 times second dorsal fin height; usually 12 lateral teeth on

each side of lower jaw; 101-123 precaudal centra (up to 3.24 m; worldwide) . . ...........................

B O T I O B T O S A R IS . s A e . 3 S 0515, (5 B! &k 306 0 m & (K0 5 016 i 18 B3

Most fins plain or only some of them have dusky rather than black tips ........................

First dorsal fin origin over or behind inner pectoral corner; length of anterior margin of pectoral fin usual-
ly less then 16% TL; lower teeth usually smooth edged (up to 2.78 m; Indo-Pacific, Atlantic) ...........
First dorsal fin origin usually over or just behind pectoral axil and always in front of inner pectoral corner;
length of anterior margin of pectoral fin usually more than 16% TL; lower teeth serrated .......

Distance between inner nostrils 1.3-1.7 in preoral length; height of second dorsal fin 1.1-1.6 in length of its
ERRE D U OIS S WOTTAWIRIE) . S 01« o5« iivinis 5oe 6 s s aie s o x ik mcwmio a a1h oim 5 ms w00 1o min 000 00 n

Distance between inner nostrils 1.0-1.2 in preoral length; height of second dorsal fin 1.0-1.2in length of its
EERRUD (N0 I IO TP ACIICY te v ohmiera s i = o = x nivis ool 5556 515 = 48 & 5809 5,655 8 508 v »

Hyomandibular pores forming a discrete series of five to eight enlarged pores alongside each corner of
mouth; height of second dorsal fin 2.2 or more in length of its rear tip (up to 1.00 m; Indo-Pacific).

Hyomandibular pores not forming a discrete series of enlarged pores alongside each corner of mouth;
height of second dorsal fin 1.9 or less in length of itsreartip. . . ............coooinnnn.

Upper teeth noticeably narrow, their lateral margins concave but not notched; lower teeth usually smooth
edged (up to 2.78 mi; Indo-Pacific, Atlantic) . . .. <« . .vveccnirissanisianso s ranans

Upper teeth moderately narrow, their lateral margins notched; lower teeth serrated ..

galapagensis

obscurus

.melanopterus

. .cautus

amboinensis

leucas
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brevipinna

;
limbatus

amblyrhynchoides

borneensts

brevipinna



24b.

25a,

25b.

26b.

Only 11 lateral teeth on each side of lower jaw; snout tip usually with a dusky to black blotch (up to 1.37
M, WESEErD ARIRRIEIC) o o vn im0 v oo 3w a0 3in 8 50 m wreos 0 aiw o on v v & 8701w a0 e el s & o e e e Pl U PSR acronot

Usually not less than 13 lateral teeth on each side of lower jaw; snout tip plaincolored . ...........c.coiiiiiii ...
Second dorsal fin origin usually over or slightly behind middle of anal base (up to 1.34 m; Indo-Pacific,
castern Pacific, western AtIANGIC) .. .« oo v on dov o bt i sha b s s 5 pTobn S oa s i a8 i ety Bt S8 S S e AN poros

Second dorsal fin origin over or slightly behind anal firl OTIZIN' . wiisis sfesm n o ais s 5 v aa,sisfonens sl iaices SRR e 2

Width of pectoral fin 1.9-2.1 in length of anterior margin of pectoral fin; 96-110 precaudal centra (up to
2:92 ;5 WOITAWIAE) < < 1 va « vi ain oo n i mia o ok Al e e o) mim koo 8l i miacia o e i e e e AR S O RS R brachyur

Width of pectoral fin about 1.5 in length of anterior margin of pectoral fin; 58 precaudal centra (up to
1.50m; AUSEFAHA) .« oo« o oniiinin o v aier s b are oo ey aim aim b wowsata iy ois i stonaafy. woe o oo ocd av ke aie P a P TR T fitzroyen:

SPECIES ACCOUNTS

T'he order in which the species are dealt with is the same as that in the discussion on intrageneric relationships (p. 20) where most
the species were arranged in species groups. Although some significance is implied in the membership of these groups, there is no su
gestion that the placing of the groups relative to each other has any meaning in terms of between group relationships.

Carcharhinus limbatus (Valenciennes in Miiller and Henle, 1841)
Figures 16, 17, 18

Figure 16.— Atlantic Carcharhinus limbatus, USNM 196831, 1,428 mm TL, female from Florida: a, left side; b, underside of head; ¢, enlarged left nostril; d, underside of rigt

pelvic. Note shape of black mark on pectoral tip in 5, and small black mark on pelvic tip in d.
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Figure 17.—Pacific Carcharhinus limbatus: a, left side of USNM 196598, 1,870 mm TL, male from Hawaii; b, underside of head of same specimen; ¢, underside of right
pectoral of USNM 196790, 1,670 mm TL, male from EIl Salvador; d, underside of right pelvic of same specimen; ¢, anal fin of USNM 196822, 1,775 mm TL, male from
Guatemala. Note shape of black mark on pectoral tip in ¢ and large black marks on pelvic and anal tips in d and e.
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Figure 18.— Carcharhinus limbatus, USNM 174074, 1,317 mm TL, female from Australia, Northern Territory: right upper and lower teeth (symphysis to the right); inset teeth
are enlarged fifth upper and lower teeth.
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Carcharias microps Lowe, 1840:38. One specimen, 8ft 5 or 6 in (2.6 m) long; Madeira.

Carcharias (Prionodon) limbatus Valenciennes in Miiller and Henle, 1841:49, pl. 19. Based on two specimens in the Paris Museun
from Plée (from West Indies); measurements given of one indicate it was about 32 in (813 mm) TL.

Carcharias (Prionodon) pleurotaenia Bleeker, 1852:40-41, pl. 2, fig. 6. Five males, 535-590 mm, Batavia; also mentions female of
ft (1.5 m) containing four embryos more than 450 mm long.

Carcharias (Prionodon) Mulleri Steindachner, 1867:356-357. One specimen, 18 in (470 mm); Antilles. }

Carcharias Ehrenbergi Klunzinger, 1871:661-662. Specimens stated to be in the Berlin Museum and in the Senckenberg Museum
Frankfurt; Red Sea.

Carcharias aethalorus Jordan and Gilbert, 1883a:104-106. Two specimens listed as USNM 28202 and 29549, the latter a male, 30 i
(762 mm) long; Mazatlan, Mexico.

Carcharias phorcys Jordan and Evermann, 1904:163-164. Holotype, male, 27.5 in (699 mm) long, Honolulu; four paratypes, length
not stated, Honolulu: also two other specimens about 29 in (737 mm) long, and a foetus from Honolulu.

Carcharhinus natator Meek and Hildebrand, 1923:40-41, pl. 1, fig.1. Holotype, female, 850 mm, Panama City fish market; on
other female, 825 mm, same data.

Galeolamna pleurotaenia tilstoni Whitley, 1950:100-105, 2 text figures. Holotype, female, 1,545 mm, Western Australia; 1
paratypes, 8 females, 740-1,500 mm, and 10 males, 765-1,405 mm, Western Australia, Northern Territory, and Timor Sea.

Diagnosis.—Large sharks, up to 2.55 m long, lacking an interdorsal ridge; tips of pectorals, second dorsal, and lower lobe of caudal fin
clearly black, as may also be the pelvics and anal fin, while the first dorsal apex and upper caudal tip usually are black margined; snout
moderately long and moderately pointed; internarial width 1.3-1.7 in preoral length; origin of first dorsal fin usually over or slightly
posterior to pectoral axil but exceptionally may be nearer to the pectoral inner corner; apex of first dorsal sharply rounded or pointed;
origin of second dorsal about over or slightly in front of anal fin origin; height of second dorsal 2.5-3.6% TL and 1.1-1.6 in length of its
. 15-2-15 14 to 16-1 to 3-14 to 16
rear tip; dental formuls ustialiy, e Sos o e T SRR T S e B G
oblique, concave to weakly notched laterally and medially, with slightly coarser serrations basally; lower teeth erect, serrated; no
obvious discrete series of enlarged hyomandibular pores alongside corner of mouth; precaudal centra 88-102; caudal centra 90-103;
total centra 174-203; diplospondyly begins from pelvic origin to pelvic axil; diplospondylous centra either regular or alternating slightly
in length; penultimate monospondylous centrum 1.1-1.5 times wider than long.

The circumglobal /imbatus is remarkably similar to the Indo-western Pacific amblyrhynchoides, and to a lesser extent to the
worldwide brevipinna, with all three of these smooth-backed species sharing common features of a pointed snout, narrow erect upper
teeth, and black-tipped fins (particularly the pectorals, second dorsal, and lower lobe of caudal though other fins may be black tipped
also). Both limbatus and amblyrhynchoides differ from brevipinna in having the first dorsal origin over or just behind the pectoral axil
rather than over or behind the inner pectoral corner as in brevipinna. Differences between limbatus and amblyrhynchoides are mainly
in snout proportions and second dorsal fin proportions, /imbatus being relatively longer snouted and with a lower second dorsal fin.
Because different geographic populations of /imbatus are variable in some proportions, and particularly in those of the snout, com-
parison of all my /imbatus material with amblyrhynchoides shows overlap between them except in the preoral:internarial relationship,
as evidenced in Table 7. However, where these two species are sympatric, as in the small Gulf of Thailand samples presented separately
below, the differences are much more trenchant.

per teeth narrow, erect to slightly

Table 7.—Proportional dimensions showing differences between Carcharhinus limbatus and C. amblyrhynchoides.

Preoral length

Preoral length Prenarial length Second dorsal height Second dorsal rear tip
Internarial width as % TL as % TL as % TL Second dorsal height Si
ize range
Range (Mean) Range (Mean) Range (Mean) Range (Mean) Range (Mean) n (TL mm)
All localities
limbatus 1.3-1.7 (1.5) 6.3-9.0 (7.8) 2.7-44 (3.8) 2.5-3.6 2.9) 1.1-1.6 (1.3) 44-57 —
amblyrhynchoides 1.0-1.2 (181 5.3-6.9 (6.2) 2.5-3.1 (2.9) 3.1-3.7 3.5) 1.0-1.2 (.1 7 —
Gulf of Thailand
limbatus 1.4-1.6 (1.5) 7.6-8.2 (7.9) 3943 4.1) 2.7-3.1 (3.0) 1.2-1.4 (1.3) <4 630-915
amblyrhynchoides 1.0-1.2 sy 5.3-6.6 (5.9) 2.5-2.8 2.7 3436 3.5) 1.1-1.2 (1.2) 3 808-1,551

Nomenclatural discussion.—Lowe (1840:38) stated that his description of microps, based on one specimen of just over 2.5 m long fron
Madeira, was provisional because he expected his species to be dealt with in Miiller and Henle’s (1841) monograph. His description
therefore, is brief, but he noted that the teeth of microps **. . . are really feeble in proportion to its bulk. ..’ and *“. . . precisely simila
in both jaws.”” Subsequently (1843), when he had seen Miiller and Henle’s work, he observed that microps ‘‘may perhaps be found ti
be identical with the imperfectly known Squalus obscurus, Lesueur’ and indicated that it had ‘‘equiserrate teeth’’ and ‘‘long an
black-tipped pectoral fins.”” No further information on microps has since come to hand, and there does not appear to be any typ
material. Of the few authors who have used the name microps, Dumeril (1865) listed it as an inadequately described species, Gunthe
(1870) and Garman (1913) treated it as a junior synonym of /imbatus, and Bigelow and Schroeder (1948) doubtfully referred it to tha
species.

Despite the fact that Lowe (1843) himself did not ally his microps with limbatus even though teeth of the latter were illustrated i1
Miiller and Henle (1841), there is little doubt that his microps was limbatus. The combination of the large size of the type; the small, ser
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ated teeth similar in both jaws; the small eye; and the long, black-tipped pectoral eliminates other species known from the eastern
Atlantic. The only species likely to be confused is brevipinna, but it has smooth or virtually smooth lower teeth and a short pectoral fin.

Current opinion on nomenclature would give little support to any suggestion that a name as poorly founded or as little used as
nicrops should supplant a well-established name such as /limbatus. Accordingly I reject microps despite its priority, though such action
vill require a decision of the International Commission on Zoological Nomenclature to validate it.

The original description of /imbatus Valenciennes (in Miiller and Henle 1841) is rather brief but taken in conjunction with the illustra-
ions of an upper and lower tooth agrees with /imbatus as long recognized. The identification is confirmed by the remaining syntype, a
nounted skin of a male specimen, about 720 mm long (MNHN 3468) in the Paris Museum. The other syntype, which according to the
neasurements given in the original description would have been about 843 mm long, has long been lost and was not available even
vhen Dumeril (1865) wrote his account of the species. Valenciennes did not give a locality for limbatus, but the remaining syntype is
abelled as coming from Martinique in the West Indies.

The status of pleurotaenia Bleeker, 1852 from Batavia has not been clear, and even Bleeker himself confused two species under this
)ame. His original description, including an illustration of the underside of the snout and the teeth, agrees with limbarus, a species
vhich Bleeker did not record from the East Indies. This identification is confirmed by two specimens in the Leiden Museum (RNH
385, males of 555 and 583 mm) and one in the British Museum (BMNH 1867.11.28, male, 585 mm) labelled as syntypes of
leurotaenia. These specimens fall within the size range of the five types listed by Bleeker (1852:40), are of the correct sex, and are clear-
y limbatus. The fate of the other two syntypes is unknown to me. Bleeker, in a discussion following his description, stated that only
ne of his four examples had the preoral length not longer than the length of the mouth opening. Leaving aside the reference to four
pecimens (rather than the five stated to be in the type series) this comment indicates that Bleeker had, in addition to limbarus, a
pecimen of the very similar but much shorter snouted species which I recognize here (p. 37) as amblyrhynchoides. In my material of
imbatus the mouth length is always noticeably shorter than the preoral length (the former length averaging 65% of the latter in 45
pecimens) whereas in amblyrhynchoides the mouth length ranges from just longer to slightly shorter than the preoral length (averaging
7% in seven specimens). Substantiating the view that Bleeker was confusing /imbatus and amblyrhynchoides under the name pleuro-
aenia is an unpublished Bleeker Atlas in the Leiden Museum comprising 24 plates of sharks of which plate 14 is labelled Cynocephalus
Prionace) pleurotaenia and depicts the short-snouted amblyrhynchoides. This plate suggests that Bleeker had eventually decided on
he short-snouted species as pleurotaenia, but this interpretation should not be maintained because the original description and its
ccompanying illustration and the remaining syntypes are referable to the longer snouted /imbatus. To avoid further confusion |
lesignate as lectotype of pleurotaenia the larger (583 mm TL) of the two male syntypes (both catalogued as RNH 7385) of pleurotaenia
n the Leiden Museum.

Fowler (1941) described and figured as pleurotaenia two specimens from the Philippines and “‘Indian Archipelago,” but these are
Iso the short-snouted amblyrhynchoides.

Although Steindachner (1867:356) did not illustrate his mileri (which name should now be corrected to muelleri) and I have not
ound type material, there is little doubt that he was dealing with /imbatus. His description of the color pattern (all fin tips black except

) : . : B i
or the pelvic and anal), the pointed snout, the narrow and finely serrated upper and lower teeth with a dental formula of TR and the

econd dorsal fin slightly lower than the anal fin and originating in front of it pointed to /imbatus. Admittedly some of the zhmc
eatures apply also to brevipinna, but that species can be discountéd in terms of the color pattern, not only in the disposition of black
in tip markings but also because they were already present in the type of muelleri despite its small size (470 mm long) which suggest
vas either a late embryo or newly born. The principal feature in which muelleri differs from typical limbatus is in Steindachner’s
lescription of the first dorsal fin originating above the inner (posterior) corner of the pectoral fin rather than above or near the axil, but
his still lies virtually within the variation which I have encountered in /imbatus.

Klunzinger’s (1871:661) description of ehrenbergi as a new species stemmed from his realization that Mller and Henle’s (1841)
iccount of melanopterus was based on two species, one of them with a short, rounded snout ( = melunopterus proper), the other witl
noderately long, pointed snout. Klunzinger described the latter as ehirenbergi, basing his account on Red Sea specimens in the Berlu
nd Senckenberg Museums. Two of these specimens still exist as mounted skins (ISZZ 4472 collected by Hemprich and Ehrenberg, and
sMF 3592 collected by Riippell) and are clearly identifiable as /imbatus. Klunzinger himself had noted that they were similar to limbatus
yut did not comment further other than to state baldly that /imbatus and ehrenbergi were different (*‘verschieden'). The Berlin
vluseum specimen is labelled as the type of Carcharias abbreviatus Ehrenberg, a manuscript species which Klunzinger cites as a
ynonym, and which later was republished as Gymnorhinus abbreviatus, again as a synonym of ehrenbergi in Hemprich and Ehrenberg
1899), edited by Hilgendorf. Hemprich and Ehrenberg’s account includes very good illustrations of esrenbergi on plate 7, figures 2 a,
), and c. The name abbreviatus does not, of course, become available from either of these two citings in synonymy

The eastern Pacific aethalorus described by Jordan and Gilbert (1883a:104) from off Mazatlan, Mexico, has, in recent years, general-
y been regarded as conspecific with /imbatus, and I am in agreement with this view even though, as discussed below, there are some
lifferences between eastern Pacific and Atlantic specimens. Data from the only syntype found (USNM 29549) of the two listed are

24 e
tiven in Table 8. The original description of aethalorus stated ‘‘Number of teeth about 57  but such a count is too low for limbatus

ind is not substantiated by the syntype of @ethalorus in which the dental formula is '; -2- :‘ Jordan and Gilbert (1883a) did not men-

ion /imbatus in their account, and compared aethalorus only with ‘. .. Carcharias lamia (Risso). . .!

Of the five type specimens mentioned by Jordan and Evermann (1904:164) in their description of phorcys from the Hawanan
slands, I have examined three (holotype, USNM 50612; and two paratypes, SU 12715) and find no reason for distinguishing them
rom limbatus. Data from the holotype are given in Table 8. In their description of phorcys, Jordan and Evermann did not refer to any
sther species of Carcharhinus, not even to the eastern Pacific aethalorus which Jordan (with Gilbert) had previously described and
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Table 8.—Carcharhinus limbatus, proportional dimensions in percentage of total length.

? 1,317 mm
Q 460 mm J 693 mm’ O 787 mm’ Q880 mm‘ 9990 mm  Australia o @ L7785 m
Virgin Is.  d 585 mm' o 600 mm Hawaiian Is. Mexico Panama Red Sea Northern @ 1,428 mm Guatema
St. John Batavia Brazil Oahu Mazatlan Mkt. Massawa Territory Florida Champeri
USNM  BMNH 1867.  Viidria USNM USNM USNM USNM USNM USNM USNM
196542 11.28 SU 52845 50612 29549 79310 179127 174074 196831 196822
Snowt'tip to
outer nostrils 38 4.2 3.7 4.1 4.1 37 3.3 3.6 32 34
eye 7.6 7l 7 %) 7.8 7.6 7.0 7.2 1.0 6.3 6.6
mouth 8.9 7.3 8.0 8.2 8.1 7.6 7.8 7.3 7.0 7.3
Ist gill opening 21.1 — 19.7 19.6 20.5 18.6 19.5 18.5 18.7 20.3
3d gill opening 23.6 — 22.2 21.9 22.9 21.6 224 21.6 204 228
Sth gill opening 25.8 245 24.0 23.7 24.5 23.5 4.2 23.2 23.5 . 246
pectoral origin 25.0 243 23.2 22.8 23.7 22.6 23.2 23.2 224 24.0
pelvic origin 49.0 49.7 48.3 48.1 48.9 49.1 50.8 49.1 50.4 50.1
Ist dorsal origin 31.7 30.3 30.7 29.1 304 28.5 30.8 29.5 29.7 299
2d dorsal origin 60.4 62.0 62.7 62.8 60.7 62,5 61.5 63.2 61.9 - 63.1
anal fin origin 61.3 62.0 63.4 61.9 62.0 62.1 62.8 62.2 62.6 62.5
upper caudal origin 71.8 72.3 73.4 73.0 72.4 72.7 72.8 73.5 70.4 74.3
lower caudal origin 70.9 71.9 72.0 72.3 71.8 72.0 71.8 72.8 70.3 73.7
Nostrils
distance between inner
corners 6.2 55 5.6 5.3 53 53 53 54 5.2 5.8
Mouth
width 9.0 8.4 1.3 7.9 8.4 8.6 9.1 9.0 9.5 8.8
length 5.0 5.5 5.3 4.8 5.2 5.1 4.5 5.5 48 5.2
Labial furrow lengths
upper 0.8 0.5 0.4 0.6 0.6 0.7 0.5 0.6 0.6 0.6
lower 0.4 0.5 0.4 0.4 0.4 0.5 0.5 0.5 0.5 0.5
Gill opening lengths
Ist 39 - 27 3.9 3.6 34 4.1 4.0 44 38
id 4.1 - 3.8 4.5 4.1 4.4 4.7 48 49 4.7
Sth 2.8 — 28 32 3.2 ' 36 3.6 38 32
Eye
horizontal diameter 2.2 1.9 1.9 1.8 1:7 1.4 1.6 1.6 1.3 1.2
Ist dorsal fin
length of base 11.1 10.3 B3 12.0 11.4 12.8 11.2 11.5 12.1 11.8
length posterior margin 4.1 36 3.5 3 3.9 3.7 4.0 4.2 4.1 4.0
height 9.2 10.5 8.2 8.9 10.5 9.9 11.5 12.1 12.4 —
2d dorsal fin
length of base 4.9 3.6 4.2 4.0 4.7 42 48 43 44 4.2
length posterior margin 4.2 3.6 38 3.8 42 39 4.1 4.1 4.1 38
height 2.6 2.7 25 25 2.6 2.8 2.9 33 36 35
Anal fin
length of base 4.1 3.8 4.5 4.5 42 43 4.5 5.2 5.1 5.0
length posterior margin 39 34 3.7 3.4 3.9 3.6 3.6 . s 3.8 34
height 3.0 3.2 3.3 3.0 3.0 3.5 35 34 3.7 37
Pectoral fin
length of base 529 5.5 5:5 5.9 6.3 6.3 6.8 6.4 7.0 6.7
length anterior margin 17.6 17.2 177 17.2 17.5 K3 18.8 19.7 19.5 18.3
length distal margin 11.2 12:3 12.0 12.5 11.4 12.2 14.1 16.7 15.4 15.8
greatest width 9.3 8.4 — — — — 9.3 9.6 10.4 9.8
Pelvic fin
length of base 5.4 4.0 5.0 49 5.1 53 5.7 5.8 6.2 6.0
length anterior margin 6.3 59 5.8 5.9 6.0 5.5 5.6 6.6 6.7 6.2
length distal margin 5.2 5.5 D) S 5.3 5.2 59 6.2 6.3 54
length of claspers — 2.5 2.3 22 A — - — — 8.2
Caudal
length of upper lobe 28.3 28.0 277 27.0 27.6 27.5 28.2 27.3 27.5 213
length of lower lobe 13.5 12.3 12.2 12.4 13.6 12.2 13.4 13.6 | 13.8
Trunk at pectoral origin
width 12.4 — 12.2 11.5 12.1 11.6 10.6 11.9 12.9 117
height 12.8 — 12.5 13.1 11.7 12.0 13.1 12.9 14.0 11.9
15-2-15 15-2-15 15-2-15 15-3-15 5-3-
Se"’a' formula a = X 14314 13313 13213 14214 o & 7)
ertebrae
precaudal 97 98 100 9 96 98 94 88 - —
caudal 98 96 98 100 100 101 98 90 — —
total 195 194 198 199 196 199 192 174 — —

'Syntype of Carcharias (Prionodon) pleurotaenia.
*Holotype of Carcharias phorcys.

Syntype of Carcharias aethalorus.

‘Holotype of Carcharhinus natator.
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which I regard as conspecific, but they did state in a later account (1905) which repeated the description of phorcys and gave an excel-
lent illustration (pl. 1) of it that the species of the genus were ‘. . .very numerous and difficult of separation.”’

Meek and Hildebrand’s (1923:40) original description of natator from two specimens from the Panama City fish market appeared in
an account of the fishes of Panama in which they also recognized and described /imbatus (including aethalorus as a synonym) as a
separate species. In their key to the species (p. 37) they distinguished natator in having a shorter and differently shaped snout
(*“. . .abruptly narrowed in advance of nostrils. . .’’), a broader mouth, fewer teeth (26 in natator versus 29 in limbatus in outer row in
each jaw) and these less serrated, and in having ‘. . .2 broad indefinite, longitudinal, dark stripes. . .”’ (obviously referring to the two
borders of upper body color which enclose the lateral stripe or tongue of paler color). I have examined the holotype of natator (USNM
79310) and am unable to confirm these differences except for the relatively shorter snout (see Table 8 for data on the holotype) which is
unusually short for eastern Pacific specimens of /imbatus but well within the range for specimens from other localities and particularly
the Atlantic. The possibility suggests itself, but cannot be proven, that the type of natator was an Atlantic specimen even though

purchased at the Panama City fish market. The dental formula of nataror is 15 2-15

213
aethalorus(ls -2- 15) which Meek and Hildebrand (1923) synonymized, as I do likewise, with limbatus.

hence virtually identical with that of the type of

13-3-13

Whitley’s (1950:101) description of the subspecies Galeolamna pleurotaenia tilstoni from Australia was based on a holotype and 18
paratypes, but only fragmentary material remains of this type series except for three early stage embryos of about 140 mm TL. I have
examined the embryos and the fragmentary material (jaws and skin sample in the Australian Museum) and find that they are referable
to either /imbatus or to amblyrhynchoides; a decision as to which of these two species was involved depends, therefore, on Whitley’s
description. Whitley gave detailed measurements of the holotype and three paratypes, and from these, and in particular the
measurements of the preoral length and the internarial distance, filstoni agrees with /imbatus rather than the shorter snouted
amblyrhynchoides. Unfortunately Whitley did not measure the vertical height of the second dorsal fin which is relatively lower in /im-
batus than in amblyrhynchoides, but measurememts taken from his figure of the holotype of tilstoni indicate that the fin height is about
1.99% TL, hence, although outside the range of both species, is much nearer to limbatus than to amblyrhynchoides. On this evidence I
synonymize tilstoni with limbatus. Whitley described his paratypes C and F as lacking the pale lateral stripe along the body, and as hay-
ing dental formulae of -}-;—}—g and -}-;—}—}7 respectively, which suggests that species other than /imbatus Were involved; this view is
supported by his measurements of paratype C in which the mouth is too wide, and the first dorsal fin base and the upper caudal lobe
are too short for /imbatus.

Acceptance that the species discussed above are synonyms of /imbatus must take into account the findings that there are differences
in populations from different areas. Springer (1950) foreshadowed this in noting that ‘“The Florida-Antillean C. /imbatus in series
comparison with Texas specimens of similar size has a longer snout and extremes from the two localities are quite different in super-
ficial appearance. The available evidence suggests that natator is a subspecies of /imbatus and that its range extends from unknown
limits in Pacific tropical American waters along the Atlantic mainland coasts from the Orinoco to the Mississippi where it intergrades
with the typical limbatus.”” My data are too few to be conclusive on Springer’s findings, although there is some indication that /imbatus
from the western Gulf of Mexico are born at a smaller size and develop serrations on their lower teeth at a smaller size than do
specimens from elsewhere in the Atlantic. I find, however, that these differences and others relating to proportions, vertebral numbers,
and to color pattern overlap and intergrade to such an extent when viewed on a global basis that it is not possible to describe significant-
ly discrete intraspecific groupings from different localities. Whether such description will ever be possible will require a much more in-
tensive study using large samples, and coupled with investigations of such factors as migratory behavior and population interchange. At
the present time the most striking differences that are apparent in regard to the features of proportions and color occur between
limbatus on the two sides of America. Western Atlantic /imbatus are, on average, noticeably shorter snouted than their Pacific (and In-
dian Ocean) counterparts, as evidenced by the data of Table 9.

Table 9.—Prenarial length as percent of total length in
Carcharhinus limbatus from different oceans.

Ocean Range Mean n
Atlantic 2.7-4.1 3.6 22
Pacific 3444 3.9 21

Indo-Australian region,
Indian Ocean, and Red
Sea 3443 4.0 14

Fable 10.—Frequency distribution of precaudal and caudal vertebral numbers in Carcharhinus limbatus (arrowed ranges with a number in the middle are data from other

authors).
Pn.L mdd] B S e Caudal s seoal i
Oceans 88 89 90 91 92 93 94 9'3 96 '~)" 98 9‘~) l()() 101 H)7 90 91 9" ‘)\ ‘)4 95 96 9: 98 ‘)‘J IHH ](ll 102 1()1
Atlantic Tt I e ) | 1 £ L | 1
+— 10—
Zentral and eastern Pacific e M i o D> 2 4 4 I
Western Pacific and Indo-Australian
region 2 s 1 1 1 2 1 (3 1
WNestern Indian Ocean and Red Sea 1 Il o2 I I 2 1




Differences in color pattern, particularly in the shape of the black tip of the pectoral fin, are detailed in the description on p. 3
Differences in vertebral numbers are most striking for the few specimens I have from the Indo-Australian region and are summarized
Table 10.

Description (see also Table 8).—Moderately large sharks, growing to at least 2.5 m TL. Midline of back smooth, lacking an interdors
ridge. Upper precaudal pit strongly developed, lower pit weak.

Dermal denticles close-packed, overlapping, subcircular in outline in small specimens where they have three longitudinal ridges ar
three posterior marginal teeth, but more nearly rhomboid in larger specimens where they have five to seven ridges and a correspondir
number of feebly developed posterior marginal teeth and are more regularly arranged in diagonal rows.

Snout moderately long and moderately pointed in contour. Anterior margin of eye is slightly forward of front of mouth. Nostr
oblique, the anterior margin of each with a low, pointed lobe.

Dental formula %%%%};% in 24 of 34 specimens counted; B_ll% in 5; ﬂ—_l-]g%l;_-ﬂ in 3; and .}.;.:%%}; and }?7%_1'5:'6 |
the remaining 2. Upper teeth narrow, erect near the center of the mouth but slightly oblique towards the sides, their lateral margins co
cave to notched, their medial margins weakly concave, but sometimes weakly notched, both margins finely serrated although basal
the serrations are frequently enlarged and somewhat irregular, particularly on the lateral margins; usually two or three small symphsi
teeth. Lower teeth narrower than upper, erect, with both margins concave and very finely serrated, except in some newborn ar
juvenile specimens where the margins are smooth edged or virtually so; one to three small symphysial teeth.

First dorsal fin moderately high, falcate, and noticeably narrow towards the apex which is sharply rounded or pointed; origin of fir
dorsal usually above the pectoral axil or very slightly behind it, but sometimes farther posterior and exceptionally almost as far back :
the inner (posterior) corner of pectoral fin. Second dorsal fin moderately high and long, almost equal to anal fin; length of second do
sal rear tip 1.1-1.6 (mean 1.3) times its height in 44 specimens; origin of second dorsal above or more often slightly anterior to anal f
origin. Pectoral fin moderately long, slightly falcate, and sharply pointed distally; origin of pectoral fin usually below the fourth g
opening but sometimes below and between the fourth and fifth gill openings; outer corner of pectoral when latter is adpressed to trun
so that its anterior margin is horizontal reaches almost or quite to first dorsal axil in small specimens and to as far back as halfway alor
first dorsal rear tip in large specimens.

Color of the body in life was described by Kato (1964) as *‘. . . upper surface from a brownish-gray to a distinct bronze sheen; unde
sides white; a band of white along the midlevel of the side from the pelvic fin forward to below the 1st dorsal fin."* After preservation i
alcohol the same general grayish or brownish color remains, including the tongue of white or pale color which extends along the side. |
addition, both in life and after preservation, all or most of the fins are black tipped, though there is variation in this feature with ag
and geography. Usually the black tips are more prominent in small specimens than in adults. The outer tip of the pectoral fin is alwaj
black, particularly on the underside. In Atlantic specimens this black mark has a fairly well defined inner border which may be conve
or nearly straight but in either case is more or less squarely across the pectoral fin tip, i.e., it extends as far or farther from the tip alor
the anterior margin of the fin as it does along the distal margin. In Pacific specimens this black mark is oblique, extending farther fror
the tip along the distal margin then it does along the anterior margin. In specimens from the Indian Ocean, the Red Sea, and the Indc
Australian region, the black mark is usually of the Atlantic type but the Pacific type also occurs as well as intergrades between the twe
Apex of second dorsal fin and tip of lower lobe of caudal fin prominently black; apex of first dorsal fin and tip (and sometimes margir
of upper lobe of caudal fin narrowly edged with black; outer tip of pelvic fin with a small black mark (larger and more prominent i
Pacific specimens) in half grown and large specimens from all regions, and this is present also in small specimens from the Pacific b
usually is lacking in small specimens from other regions; anal fin usually pale-colored in Atlantic specimens of all sizes and in larg
specimens from other regions but frequently it is black tipped in small specimens from the Pacific and in some that I have seen from tt
Indo-Australian region and the Red Sea.

Vertebral counts of eight specimens are given in Table 8 and of another 125 specimens in Table 11.

Table 10 gives the frequency distribution of precaudal and caudal numbers for four major regions of the total geographic range ¢
limbatus. Although some of the samples are small and there is overlap, the table indicates that the greatest differentiation is in tk
western Pacific and Indo-Australian region.

Centrum diameter greater than centrum length even in longest monospondylous centra at posterior of abdomen. Diplospondyl
begins above pelvic base, variably from the front to the rear of the base even in specimens from the same region. Diplospondylous cer

length

tra either regular in length or aJterPating slightly but regularly. The Tencier of penultimate monospondylous centrum was 0.65-0.5
length penultimate monospondylous centrum
length first diplospondylous centrum

The smallest free-living specimen I have seen was 497 mm TL (from Texas), while the largest embryo was 625 mm (from Senegal
My data (see Material examined) suggest that this considerable variation in size of young at birth is largely geographic, with noticeab
differences between even such proximate localities as the western Gulf of Mexico (where very small young are characteristic) ar
Florida (where medium-sized young have been reported). The largest young, larger than my material, have been recorded froi
Madagascar, but others not greatly smaller are known from such wide-spaced localities as Brazil, South A frica (Natal), and the Pacifi
Table 12 summarizes literature accounts of birth size together with information on the number of young per litter.

Male specimens up to 1,080 mm TL that I have examined have been immature, with clasper lengths ranging from 1.7 to 3.1% TL; for
larger males 1,615-1,870 mm, were mature with claspers of 7.8-8.4%. Clark and von Schmidt (1965) reported that in their material fro;
Florida, a male 1,260 mm had immature claspers (4.3% TL) but mature testes, another of 1,340 mm was immature (claspers of 4.1%), whi
five others, 1,350-1,630 mm, were mature with claspers of 6.5-7.6% TL. Sadowsky (1967a) noted that a 1,486 mm male from Brazil w:
mature, and Bass et al. (1973) stated that males became mature at 1,800 mm in their South African material. Size at first maturity |

(mean 0.77) and the was 1.14-1.50 (mean 1.30) in 27 specimens.
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Table 11.—Vertebral numbers in 125 specimens of Carcharhinus limbatus.

Specimens ) Precaudal Caudal Total
FSBC VGS 58-216 Florida, Tampa Bay 96 101 197
FSBC VGS 60-38 Florida, Madeira Beach 96 98 194
USNM 179114 Florida, Sarasota 96 = 2
USNM 179115 Florida, Sarasota 95 = -
USNM 179116 Florida, Sarasota 95 = I
USNM 125765 Mississippi, Biloxi 98 97 195
USNM 127108 Texas, Bay Chaland 95 9 194
USNM 116446 Texas, Galveston 95 95 190
USNM 116446 Texas, Galveston 94 97 191
UZMK PO688 Mexico, Campeche Bay 98 97 195
10 specimens,
Brazil, Sao Paulo’ 99-102 - 195-203
BMNH 66.4:10.7 Cape Verde Islands 96 98 194
USNM 179720 Liberia, Kru Station 97 98 195
USNM (Uncat.) South Africa, Durban 99 99 198
USNM (Uncat.) South Africa, Durban 97 99 196
USNM (Uncat.) South Africa, Algoa Bay 98 93 191
86 specimens,
South Africa, Natal’ 94-102 — 186-201
(mean 98.5) (mean 195.7)
USNM 198168 Madagascar 99 102 201
GVF 2383 Gulf of Thailand 90 92 182
GVF 2383 Gulf of Thailand 88 o4 182
BMNH 1939.3.23.3 Hong Kong 90 94 184
SU 13822 Borneo 89 97 186
UMMZ 177112 Java 90 9 189
USNM 89089 Marquesas 98 100 198
USNM 179571 Marquesas 96 100 196
SU 12715 Hawaiian Islands 100 101 201
SuU12715 Hawaiian Islands 100 101 201
USNM 62462 Hawanan Islands 99 99 198
UCLA 53157 Galapagos Islands 99 103 202
UCLA 58-29 Mexico, San Blas 97 9 196
SU 11889 Panama 98 101 199
Range (including counts from Table 8) 88-102 90-103 174-203
'Counts from Sadowsky (1967a).
*Counts from Bass et al. (1973).
Table 12.—Size at birth and number of young per litter in Carcharhinus limbatus.
Total length (mm) No. of young
of full term or per litter No. of Month(s) when
newly born young range (mean) litters born Locality Source )
380-ca. 450 3-4 (3.9 10  June Texas Baughman (1942) (as natator)
00-650 3-9 (usu. 5 or 6) — — Venezuela Cervigon (1966)
525-610 3-8 (5.8) 12 April-June Florida Clark and von Schmidt (1965)
540-570 — — April Florida Springer (1939)
580-660 — — — Pacific Bigelow and Schroeder (1948)
600-720 3-8 (5.3) 7 December-May Madagascar Fourmanoir (1961)
620 1-10 (6.7) 26 November-March South Africa Bass et al. (1973)
681 4-9 (6) — — Brazil Sadowsky (1967a)
685 3-10 — — South Africa D’Aubrey (1964)
- 6 P January Florida Springer (1940)
5 2-7 (5) 3 — Hawaiian Islands Tester (see text footnote 4)
= 4 1 — Western Australia  Whitley (1950) (as rilstoni)
emales usually appears to be about 1,500-1,600 mm TL according to accounts by Bleeker (1852) who gave a figure of 5 fi (ca. 1,500

nm) for a Batavian specimen, Clark and von Schmidt (1965) 1,550 mm for a Florida specimen, and Sadowsky (1967a) 1,580 mm for a
razilian specimen, but Cervigon (1966) reported that maturity in the female was reached at 1,200 mm for his Venezuelan material. By
ontrast, Bass et al. (1973) found South African females to be definitely mature only at 1,900 mm. General statements on size at maturi-
y, but not citing sex, were given by Springer (1939) 5 ft (ca. 1,500 mm), Bigelow and Schroeder (1948) about 4-5 ft (ca. 1,200-1,500
am), and Fourmanoir (1961) 1,700 mm.

The largest male specimen which I examined was 1,870 mm TL, and the largest female 1,805 mm. However, several literature
ccounts show that limbatus grows much larger. Sadowsky (1967a) reported a female of 2,125 mm from Brazil; Bass et al. (1973)
ecorded males to 2,260 mm and females to 2,470 mm from South Africa; and Tester® listed males and females to 2,550 mm from the
1awaiian Islands.

4Tester, A. L. University of Hawaii, Honolulu, Hawan. IV + 47 p., 11 figs. Appendix

rages A1-A36.

1969. Cooperative shark research and control program. Final report 1967-69.
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Distribution (see also Material examined).—The fairly extensive range of museum specimens of limbatus that I have been able t
examine demonstrates that it is a worldwide species, predominantly of tropical seas, but occurring at least seasonally in temperal
regions in some areas. Although most specimens and reports of it are from continental coastlines, it is also present at many ocean
islands, and occasional specimens have been taken far offshore. Despite these last-mentioned occurrences /imbatus does not appear t
be a truly oceanic species.

The detailed distribution given below is based mainly on material seen by me, supplemented by reports in Day (1878), Bigelow an
Schroeder (1948), Chen (1963—as melanopterus), Limbaugh (1963), Cervigon (1966), Kato et al. (1967), Sadowsky (1967a), Guita
Manday (1968), Bass et al. (1973), and Capape (1975) which extend its range to other areas. Of the numerous literature reports
limbatus, many are mere listings by name only, and these latter, although very likely to be correct, are not included here on that bas
alone.

Western Atlantic from southern New England in the north (where /limbatus is an occasional and seasonal visitor) southwards |
southern Brazil, including virtually all eastern United States, the Gulf of Mexico, the Caribbean Sea, with reliably reported occurrenc
at the Bahamas, Cuba and at several more easterly localities in the West Indies (the syntypes were from Martinique), Venezuela, Britis
Guiana, Surinam, and several localities in Brazil to as far south as Cananeia (lat. 25°S). Eastern Atlantic from Senegal and the Cay
Verde Islands and southwards at Liberia, the Gulf of Guinea, and the Belgian Congo. Red Sea and western Indian Ocean where it
known not only from the east African coast to as far south as the tip of South Africa (where it becomes rare) but also fro
Madagascar, the Seychelles, and other oceanic islands; eastwards it is present around India and the Indo-Australian Archipelago froi
the Gulf of Thailand southwards through Malaya, the Philippines, Borneo, Java, and New Guinea to Australia (Western Australi
Northern Territory, and Queensland). Pacific Ocean from Hong Kong and China (including the Pescadores) in the northwest, ti
Hawaiian Islands, the Marquesas, and Samoa in the central Pacific; and eastward along the Americas from San Diego, Calif., in t}
north to Ecuador and Peru in the south, and including the Tres Marias, Revillagigedos, Clipperton, and Galapagos Islands.

A record of limbatus (as aethalorus) from Peru by Hildebrand (1946) included data on 3 embryos from a litter of 23 (which would |
remarkedly large for limbatus); two of these embryos are in the U.S. National Museum and prove to be brachyurus.

Tortonese (1938) reported /imbatus from the Mediterranean on the basis of a specimen from Tripoli, but later (1950) referred th
specimen to maculipinnis ( = brevipinna). Ben-Tuvia (1953) listed /imbatus from Israel (Haifa) and Gohar and Mazhar (1964) tabulated
as a Mediterranean species. More recently Capape (1975) reported it from the Gulf of Tunis.

Material examined.—AMS IB. 2552, two male and one female embryos, ca. 140 mm (from paratype K of Galeolamna pleurotaen
tilstoni), Timor Sea, Evans Shoal, 6 October 1949; BMNH 1961.8.31.4-5, two male embryos, 202 and 207 mm, British Guiana, R. |
McConnell; UZMK PO 694, male embryo, 300 mm, West Indies, Riise; IFAN 56-899, female embryo, 320 mm, Senegal, Goree,
November 1961; IFAN (uncat.), four embryos, two males, 320 and 345 mm, and two females, 355 and 365 mm, Senegal, Goree,
November 1961; IFAN 55-4199, female embryo, 360 mm, Senegal, Gorée, 9 December 1961; IFAN 56-126, male embryo, 400 mn
Senegal, Goréee, 8 April 1956; UZMK PO 688, male embryo, 405 mm, Mexico, Campeche Bay, Laguna de Terminos, 14 February 191
J. Frederiksen; USNM 196542, female embryo, 460 mm, Virgin Islands, St. John, Lameshur Bay, 1 April 1961, R. Schroeder and

Randall; IFAN 56-160, male embryo, 465 mm, Senegal, Joal, 7 May 1956; IFAN 56-145, male embryo, 475 mm, Senegal, Joal, 9 Api
1956, J. Cadenat; USNM 197861, male embryo, 485 mm, South Africa, Natal, Durban, 1962; NMV 61-368, female embryo, 490 mn
Surinam, 1865; USNM 116446, three females, 497 to 577 mm, Texas, Galveston, 7 July 1940, J. L. Baughman; USNM 127117, femal
513 mm, Louisiana, Grand Terre, 2 July 1930, I. Ginsburg; IFAN 56-125, male embryo, 515 mm, Senegal, Joal, 8 April 1956,

Cadenat; USNM 43435, male embryo, 520 mm, Florida, Key West, 1889, J. A. Henshall; DIRU, male embryo, 530 mm, South Afric
Algoa Bay; USNM 125765, female, 535 mm, Mississippi, Biloxi, September 1931, S. Springer; UZMK PO 693, male, 543 mm, We
Indies; RNH 7385, two males, 555 and 583 mm [syntypes of Carcharias (Prionodon) pleurotaenia), Batavia, Bleeker; BMN
69.5.14.12-13, two males, 560 and 685 mm, Seychelles, E. P. Wright; UMMZ 177112, female, 573 mm, Java, Batavia, 6-15 May 192
J. D. F. Hardenberg and C. L. Hubbs; FSBC VGS 60-38, male embryo, 580 mm, Florida, Madeira Beach, 26 April 1960, J. Hurlb
Jr.; UCLA 53-157, female embryo, 598 mm, Galapagos Islands, Bartholomew Island, 5 January 1953, B. W. Halstead and Bunke
BMNH 1867.11.28, male, 585 mm [syntype of Carcharias (Prionodon) pleurotaenia), Batavia, P. Bleeker; MRAC 71165, ma
embryo, ca. 590 mm, Belgian Congo, Moanda, August 1947, Dartevelle; NMV 61-370 and 61-403, two females, 595 and 625 mr
India, Malabar, 1886; ISZZ 4472, mounted skin of female, ca. 600 mm (type of manuscript species Carcharias abbreviatus, and sy
type of Carcharias ehrenbergi), Red Sea, Hemprich and Ehrenberg; SU 52845, male embryo, 600 mm, Brazil, Vitoria, 9 Decemb
1944; SU 13822, male, 600 mm, Borneo, Sandakan, 1929, A. W. Herre; USNM 179571, female, 605 mm, Marquesas Islands, Nu}
Hiva, 21 March 1954, Heeny Yuen; USNM 79299, female, 615 mm, Panama Market, 21 April 1911, S. E. Meek and S. F. Hildebran
IFAN 56-128, female embryo, 615 mm, Senegal, Joal, 10 April 1956, J. Cadenat; RNH 7387, male, 615 mm, Batavia, 1852, P. Bleeke
BMNH 1939.3.23.3, female, 615 mm, Hong Kong, Herklots; NMV 61-356, female, 617 mm, Hong Kong, 1892; SMF 5912, male, ¢
625 mm, Galapagos Islands, 1 October 1962, 1. Eibl-Eiblesfeld; IFAN 56-127, male embryo, 625 mm, Senegal, Joal, 10 April 1956,

Cadenat; GVF 2383, male, 630 mm, and female, 680 mm, Gulf of Thailand, Trat Province, ca. 11 °33 'N, ca. 102°46 'E, 15-20 Augu
1960; USNM 198168, female, 645 mm, Madagascar, Nossi Bé, 21 March 1964, R. F. Cressy; ANSP 89089, female, 646 mm, Marques
Islands, Nuku Hiva, 21 March 1937, Vanderbilt South Pacific Expedition; USNM 179720, male, 647 mm, Liberia, Kru Station, 15 O
tober 1952, G. C. Miller; SMF 5778, female, 650 mm, Galapagos Islands, Indefatigable Island, 1960, 1. Eibl-Eiblesfeld; IRSN 691

male, 660 mm, Gulf of Guinea, S. of Ile Principe, 24 January 1938, Mercator; BMNH 69.5. 14.11, female, 660 mm, Seychelles, E. |
Wright; MNHN 97-719, male, 662 mm, Gulf of California, Diguet; UCLA 58-304, male, 663 mm, Panama Bay between Punta
Hicacal and Rio Pasiga, 7-9 September 1958; FSBC VGS 58-216, male, 686 mm, Florida, Tampa Bay, 23 August 1958, G. O’Ne

SMF 5222, female, ca. 690 mm, Galapagos Islands, Abingdon Island, 1957, I. Eibl-Eiblesfeld; USNM 50612, male, 693 mm (holoty)

of Carcharias phorcys), Hawaiian Islands, Oahu, Honolulu, 1901, D. S. Jordan and B. W. Evermann; BMNH 66.4.10.7, female, 6!

mm, Cape Verde Islands, R.T. Lowe; USNM 62462, male, 710 mm, Hawaiian Islands, Kauai, Hanalei Bay; MNHN 3468, mount
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skin of male, ca. 720 mm [syntype of Carcharias (Prionodon) limbatus), Martinique, Plée; USNM 62482, male, 725 mm, Hawaiian
[slands, Kauai, Hanalei Bay; USNM 61233, female, ca. 725 mm, Hawaiian Islands, A/batross; NMV 61-369, male, 730 mm, China,
Post; SU 12715, two males, 731 and 733 mm (paratypes of Carcharias phorcys), Hawaiian Islands, Oahu, Honolulu, 1901, D. S. Jor-
dan and B. W. Evermann; USNM 100994, female, ca. 750 mm, Mexico, Guerrero, Zihuantanejo, 17 March 1935, L. A. Walford:
NMYV 61-392 and 61-451, two females, 765 and 790 mm, Red Sea, Hanfela, 1897; NMV 61-450 and 61-453, male, 765 mm, and female,
840 mm, Red Sea, Shumma Island, Massaua, 1896; USNM 46851, male, ca. 775 mm, Mexico, Baja California, Concepcion Bay,
Albatross; USNM 29549, male, 787 mm (syntype of Carcharias aethalorus), Mexico, Sinaloa, Mazatlan, C. H. Gilbert; SU 11889,
female, 790 mm, Panama, 1896, C. H. Gilbert; QMB 1.6882, female, ca. 790 mm, Queensland, Salamander Rocks, February 1940, G.
Coates; ISZZ 15990, female, 800 mm, Panama, Stanford University; BMNH 1903.5.15.337, male, 845 mm, Pacific Panama, D. S.
Jordan; UCLA 60-51, female, 847 mm, Mexico, Baja California, Bahia las Animas, 25-26 January 1960; USNM 127108, female, 850
mm, Texas, Bay Chaland, 2 August 1930, I. Ginsburg; NMV 61-430, female, 850 mm, California, San Diego, January 1874, Stein-
dachner; UCLA 58-29, two males, 861 and 1,053 mm, Mexico, Nayarit, San Blas, 3 February 1958; UCLA 58-46, female, 870 mm,
Mexico, Sinaloa, off Isla San Ignacio and Isla Macapule, 10-14 February 1958; USNM 197366, female, 874 mm, Mississippi, off
Pascagoula, P. J. Struhsaker; USNM 79310, female, 880 mm (holotype of Carcharhinus natator), Panama City Fish Market, 26
January 1911, S. E. Meek and S. F. Hildebrand; GVF 2467, two females, 886 and 915 mm, Gulf of Thailand, Trat Province, ca.
11°56'N to 12°03 'N, ca. 102°14 '30"E to 102°17 '45"E, 12 January 1961; UCLA 58-47, female, 907 mm, Mexico, Sinaloa, south of
Bahia Topolobampo, S of Isla San Ignacio and Isla Macapule; SMF 3592, mounted skin of female, ca. 965 mm (syntype of Carcharias
chrenbergi), Red Sea, 1828, E. Riippell; USNM 179127, female, 990 mm, Red Sea, Massawa, 1-6 April 1962, E. Clark; USNM 170487,
female, ca. 1,030 mm, Philippine Islands, South Tumindao Island, 26 February 1908, A/batross; USNM 197365, male, 1,080 mm,
Louisiana, S of Grand Isle, 29°05 ‘N, 89°56 'W, 26 September 1961, Oregon; AMS IB.3803, jaws of male, 1,230 mm (paratype of
Galeolamna pleurotaenia tilstoni), Australia, Northern Territory, Jordan Bay, Bathurst Island, 5 September 1949, A. J. Mandell;
USNM 174074, female, 1,317 mm, Australia, Northern Territory, Cape Arnhem, 21 August 1948, R. R. Miller; USNM 179116,
female, 1,400 mm, Florida, Sarasota, Midnight Pass, 9 June 1963, Cape Haze Marine Laboratory; RNH 2538, mounted skin of
female, ca. 1,410 mm, Java, Kuhl and van Hasselt; USNM 196831, female, 1,428 mm, Florida, Dade County, Virginia Key, 8 April
1962, J. Coles, C. D’asaro, and S. Gruber; USNM 196821, female, 1,485 mm, Florida, Dade County, Virginia Key, 8 April 1962, J.
Coles, C. D’asaro, and S. Gruber; AMS IB.2421, jaws and skin sample of female, 1,545 mm (holotype of Galeolamna pleurotaenia
tilstoni), Western Australia, Joseph Buonaparte Gulf, Van Cloon Reef, 15 September 1949, K. Godfrey; USNM 179115, male, 1,600
mm, Florida, Sarasota, Midnight Pass, 9 June 1963, Cape Haze Marine Laboratory; USNM 179112, mature male, 1,615 mm, Florida,
Sarasota, 1 mi W of Midnight Pass, 27 May 1963, Cape Haze Marine Laboratory; USNM 196790, mature male, ca. 1,670 mm, EI
Salvador, 5 February 1962, R. Whitney; USNM 179114, female, 1,770 mm, Florida, Sarasota, Midnight Pass, 6 June 1963, Cape Haze
Marine Laboratory; USNM 196822, mature male, 1,775 mm, Guatemala, Champerico, 7 February 1962, R. Whitney and S. Kato;
USNM 196830, female, 1,805 mm, Florida, Dade County, Virginia Key, 8 April 1962, J. Coles, C. D’asaro, and S. Gruber; USNM
179113, female, 1,805 mm, Florida, Sarasota, Midnight Pass, 5 June 1963, Cape Haze Marine Laboratory; USNM 196598, mature
male, 1,870 mm (discarded except for jaws), Hawaiian Islands, Oahu, Honolulu, August 1961.

Also jaws at several institutions, including SAMC 18219, from Natal, 1931, C. L. Biden; and SMNS 16422, from Red Sea, Koseir,
1870.

Carcharhinus amblyrhynchoides (Whitley, 1934)
Figures 19, 20

Gillisqualus amblyrhynchoides Whitley, 1934:189-191, text fig. 4. Holotype, female, ‘‘nearly two feet long’’ (610 mm), Australia,
Queensland.

Diagnosis.—Moderate-sized sharks, up to 1.66 m long, lacking an interdorsal ridge; tips of pectorals, first and second dorsals, and
lower lobe of caudal fin black, and to a lesser extent the pelvics, while the upper caudal is frequently dusky margined; snout short and
moderately pointed; internarial width 1.0-1.2 in preoral length; origin of first dorsal over or slightly posterior to pectoral axil; apex of
first dorsal sharply rounded or pointed; origin of second dorsal about over or slightly in front of anal fin origin; height of second dorsal
15-1 to 3-15
14 or 15-1to 3-14 or 15
oblique, concave to weakly notched laterally and medially, with slightly coarser serrations basally; lower teeth erect, serrated; no ob-
vious discrete series of enlarged hyomandibular pores alongside corner of mouth; precaudal centra 78-96; caudal centra 90-101; total
centra 168-193; diplospondyly begins from one-third along pelvic base to just behind pelvic axil; diplospondylous centra either regular
or alternating slightly in length; penultimate monospondylous centrum 1.0-1.4 times wider than long.

This Indo-west Pacific species is very like limbatus, and these two, together with brevipinna, differ from all other species of Car-
charhinus in having the following combination of characters: no interdorsal ridge, a pointed snout, noticeably narrow erect upper
teeth, and black tips on several fins but always including (except in young brevipinna) the pectorals, second dorsal, and lower lobe of
caudal. A feature which readily separates amblyrhynchoides and limbatus from brevipinna is that they have the first dorsal origin over
or just behind the pectoral axil whereas in brevipinna it is over or behind the inner pectoral corner. Compared with limbatus,
amblyrhynchoides differs in being relatively shorter snouted and having a higher second dorsal fin. Details of these differences are given
in the account of /imbatus (p. 30) where it is shown that the firmest criterion is the preoral:internarial ratio which in amblyrhynchoides
15 1.0-1.2 (mean 1.1) in 7 specimens and in /imbatus is 1.3-1.7 (mean 1.5) in 57 specimens.

; upper teeth narrow, erect to slightly

3.1-3.7% TL and 1.0-1.2 in length of its rear tip; dental formula



Figure 19.—Carcharhinus amblyrhynchoides, GVF 2387, 1,551 mm TL, female from Gulf of Thailand: a, left side; b, underside of head; c, enlarged left nostril.

Figure 20.— Carcharhinus amblyrhynchoides, USNM 32705, 530 mm TL, female from ‘‘Indian Archipelago’’: right upper and lower teeth (symphysis to the right); inset teeth
are enlarged fifth upper and lower teeth.
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Nomenclatural discussion.—This species is very poorly known, probably because of its close similarity to /imbatus. Bleeker (1852) con-
fused it with /imbatus, as evidenced by his remarks following his description of pleurotaenia ( = limbatus) from Batavia, and by an un-
published Bleeker plate in the Leiden Museum which is labelled as pleurotaenia but is clearly amblyrhynchoides (see my Discussion, p.
31). Fowler (1941) similarly described as pleurotaenia two specimens of amblyrhynchoides, one from the Philippines, the other from
the “Indian Archipelago.” Whitley’s (1934:189) account of a specimen, as a new species amblyrhynchoides, from Queensland,
Australia, provides, therefore, the oldest valid name for the species. Whitley’s specimen had earlier been reported, by name only, as
Carcharhinus amblyrhynchos Bleeker by Ogilby (1915, 1916), but Whitley rightly indicated that it could not be that species. Whitley

gave an excellent description, with illustrations, of his only specimen, but I find that his statement that the dental formula is ﬁ'“?
is incorrect; I have examined the holotype, and the formula is :g?}g . A summary of the original description appeared in Whitley

(1940:94), while subsequently Marshall (1964) stated that amblyrhynchoides is common in the waters of North Queensland.

The few specimens known of amblyrhynchoides show little variation, except that the holotype has a markedly lower number of
precaudal centra than the others (see Table 13). In the absence of other evidence, and particularly until more Australian specimens
become available, I am not placing weight on this difference as almost comparable variation occurs in the closely related /imbatus (see
p. 34).

Description (see also Table 13).—Moderately large sharks, growing to at least 1.7 m TL. Midline of back between dorsal fins smooth,
lacking an interdorsal ridge. Upper precaudal pit strongly developed, lower pit weak.

Dermal denticles close-packed and overlapping except in small specimens where they are almost or just contiguous, subcircular in
outline with three longitudinal ridges and three feeble posterior marginal teeth in small specimens, but more nearly rhomboid with five
ridges and teeth in larger specimens.

Snout short but moderately pointed in contour. Anterior margin of eye is above or usually slightly anterior to front of mouth.
Nostrils oblique, the anterior margin of each with a low, pointed lobe.

15-1 to 3-15 15-2-15 15-3-15
O S- TIE

Dental formula in three of six specimens counted; in two; and in one. /, erec
p 3113 5114 one. Upper teeth narrow, erect

at the center of the mouth but slightly oblique towards the sides, their lateral margins concave to notched, their medial margins weakly
concave, both margins finely serrated although the serrations are sometimes larger and slightly irregular basally; one to three small sym-
physial teeth. Lower teeth narrower than upper, erect, concave on both margins, and very finely serrated; one to three small symphysial
teeth.

First dorsal fin moderately high and noticeably narrow towards the apex which is sharply rounded or pointed; origin of first dorsal
above the pectoral axil or very slightly behind it. Second dorsal fin moderately high and long, almost or quite equal to anal fin; length
of second dorsal rear tip 1.0-1.2 (mean 1.1 in seven specimens) times its height; origin of second dorsal above or more often very slightly
anterior to anal fin origin. Pectoral fin long, slightly falcate, and sharply pointed distally; origin of pectoral about below the fourth gill
opening; outer corner of pectoral when latter is adpressed to trunk so that its anterior margin is horizontal reaches to or just behind first
dorsal axil.

Color after preservation in aicohol is gray or brownish gray above, white or pale below with a band of this lighter color along the
midlevel of the side from the pelvic fin forward to below the first dorsal fin. Most of the fins dusky or black tipped, as follows: outer tip
of pectoral with a prominent black mark, particularly on the underside where the mark is more or less squarely across the tip (i.e., the
mark extends about as far along the anterior margin as it does along the distal margin); apex of first and second dorsal fins dusky to
black; tip of lower lobe of caudal black, and frequently the anterior and terminal margins of the upper lobe have dusky margins;
anterior (outer) tip of pelvic with a small dusky mark; anal fin usually pale colored.

Vertebral counts as in Table 13. A count of one other specimen (BMNH 1925.7.20.14-16, Gulf of Aden) was as follows: precaudal
90, caudal 93 +, total 183 +, giving ranges for all specimens of 78-96 precaudal, 90-101 caudal, and 168-193 total vertebrae.

Centrum diameter greater than centrum length even in longest monospondylous centra at posterior of abdomen. Diplospondylous
centra regular or alternating slightly and regularly in length. Diplospondyly usually above pelvic base, variably from the anterior third
to the posterior of the base, but behind base, about midway between pelvic axil and rear tip of pelvic fin, in the holotype of amblyrhyn-
choides. The length of penultimate monospondylous centrum was 0.73-0.97 (mean 0.82) and the

diameter

length penultimate monospondylous centrum was 1.26-1.86 (mean 1.59) in six specimens.
length first diplospondylous centrum

The smallest, apparently free-living specimen I have seen was 515 mm TL, and the largest embryo was 550 mm. Juvenile males, up to
884 mm long, had clasper lengths of 2.0-2.4% TL. No information is available on size at maturity, or number of embryos per litter, etc.
The largest specimen known is a female of 1,665 mm TL.

Distribution (see also Material examined).—The holotype of amblyrhynchoides was from Queensland, Australia, while the few other
specimens known are mostly from the Indo-Australian region (Batavia, Borneo, ‘‘Indian Archipelago,” Gulf of Thailand) and
eastwards at Cochin China and the Philippine Islands, and westwards at the Gulf of Aden.

Material examined.—NMV (uncat.), four embryos, three males, 252-262 mm, and one female, 257 mm, southern Arabia (Gulf of
Aden), Qishn, 1902, W. Hein; BMNH 1925.7.20.14-16, two embryos, male, 425 mm, and female, 435 mm, Gulf of Aden, A.
Ehrenreich; MNHN 7802, male, 515 mm, Cochin China, Harmand; USNM 151228, male embryo, 520 mm, Philippine Islands, Manila
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Table 13.—Carcharhinus amblyrhynchoides, proportional dimensions in percentage of total length.

J 520 mm Q 530 mm 19 595 mm J 808 mm O 884 mm Q1,551 mm
d 515 mm Philippines Indian Australia Gulf of Gulf of Gulf of
Cochin China Manila Mkt. Archipelago Queensland Thailand Thailand Thailand
MNHN 7802 USNM 151228 USNM 32705 QMB 1.2003 GVF 1548 GVF 1548 GVF 2387

Snout tip to

outer nostrils 33 2.9 3.1 2.9 2.8 2.5 2.8

eye 6.0 6.0 6.6 6.4 6.3 5.6 5.9

mouth 6.2 6.0 6.8 6.9 6.6 5.9 5.3

Ist gill opening — 1749 177 19.0 19.2 175 18.8

3d gill opening — 20.2 20.6 — 213 19.7 21.2

5th gill opening 23.6 22.1 22.5 2.7 2.8 21.2 239

pectoral origin 23.2 21.0 2149 22.6 21.5 20.3 21.4

pelvic origin 48.4 46.9 49.2 46.8 47.2 48.1 49.8

1st dorsal origin 30.4 27.9 28.1 29.8 28.7 28.6 29.6

2d dorsal origin 59.9 62.2 58.5 60.0 60.2 59.6 63.0

anal fin origin 60.7 60.8 59.1 59.5 61.3 60.5 63.2

upper caudal origin 723 73.0 70.7 719 724 72.0 74.4

lower caudal origin 71.5 72.1 70.2 71.0 71.6 71.3 73.6
Nostrils

distance between inner corners 5.8 6.0 5.8 6.2 5.6 8.5 5.4
Mouth

width 9.7 8.1 9.4 10.3 8.8 9.0 9.3

length 6.3 4.8 5.5 5.6 5.0 4.9 54
Labial furrow lengths

upper 0.8 0.6 0.7 0.5 0.6 0.6 0.5

lower 0.8 0.4 0.5 0.4 0.4 0.3 0.4
Gill opening lengths

Ist - 3.5 43 3.7 3.7 43 4.6

3d 48 4.0 4.5 4.4 4.1 4.6 5.6

S5th - 2.9 34 3.0 2.8 33 3.9
Eye

horizontal diameter 2.0 1.9 1.9 1.8 1.6 1.5 12
Ist dorsal fin

length of base 10.5 12.9 12.1 11.8 11.8 11.4 12.0

length posterior margin 4.1 373 3.9 3.5 3.8 4.6 357

height 10.3 8.6 10.1 — 12.6 10.9 12.0
2d dorsal fin

length of base 44 44 5.3 5.0 4.6 5.1 49

length posterior margin 4.0 3.7 38 39 4.0 42 42

height 357 3.1 3.7 32 35 3.6 34
Anal fin

length of base 5.0 4.8 49 5.4 51 5.3 5.0

length posterior margin 33 3.1 34 3.5 34 3.7 34

height 39 3.1 3.5 3.9 34 3.7 34
Pectoral fin

length of base 6.0 5.8 5.7 6.7 6.8 v | 72

length anterior margin 18.6 16.3 18.3 — 18.6 18.4 19.7

length distal margin 14.2 L3 13:2 — 15.1 14.5 17.5

greatest width 9.3 — — — 9.9 10.1 10.4
Pelvic fin

length of base 49 5.6 4.5 6.0 5.7 5.6 .9

length anterior margin 6.4 6.2 6.1 6.0 6.6 6.4 7.1

length distal margin 6.1 5.4 5.8 6.7 5.8 5.9 6.9

length of claspers 24 2:1 — — 2.0 24 —
Caudal

length of upper lobe 29.3 2751 28.5 28.6 28.2 290 27.7

length of lower lobe 13.6 11.8 13.4 - 13.5 13.8 14.9
Trunk at pectoral origin

width — 12.1 13.2 12.8 12.8 12.1 14.2

height — 12.7 13.6 12.6 14.5 14.1 16.1

15-1-15 15-3-15 15-2-15 15-2-15 15-3-15 -2-1

s B 13-3-14 15-1-14 I5-1-15 I5-1-15 14-2-14 :3-3-13 5
Vertebrae

precaudal 91 96 94 78 93 92

caudal 91 95 95 90 95 101

total 182 191 189 168 188 193

'Holotype of Gillisqualus amblyrhynchoides.

Fish Market, 21 April 1909, Albatross; USNM 32705, female embryo, 530 mm, Indian Archipelago; RNH 17955, male embryo, 5
mm, October 1947, Zool. Lab. Utrecht; RNH 4264, female, ca. 560 mm, Borneo, 1826, C. A. L. H. Schwaner; QMB 1.2003, fema
595 mm (holotype of Gillisqualus amblyrhynchoides), Australia, Queensland, Cape Bowling Green, June 1914, H. Harris; NMV (u
cat.), female, 660 mm, Batavia, 1855; GVF 1548, two males, 808 and 884 mm, Gulf of Thailand, Chol Buri Province, Chol Buri Bz
13°20'N to 13°27 'N, 100°45 '15"E to 100°57 'E, 7-9 December 1957; GVF 2387, two females, 1,551 and 1,665 mm, Gulf of Thailan
Trat Province, Goh Kut, 11°44 'N, 102°35'18"E, 10-20 August 1960.
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Carcharhinus brevipinna (Miller and Henle, 1841)
Figures 21, 22

b (H

Figure 21.—Carcharhinus brevipinna, NMV 2901 (old number), 1,020 mm TL, male from Red Ses; a, left side; b, underside of head; ¢, enlarged left nostril; @, underside of
snout of DIRU (uncat.), 852 mm TL, female from Algoa Bay, South Africa.
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Figure 22.— Carcharhinus brevipinna, USNM 109957, from Florida: right upper and lower teeth (symphysis to the right); inset teeth are enlarged fifth upper and lower teeth.

Carcharias (Aprion) brevipinna Mtlller and Henle, 1841:31-32, pl. 9. Holotype, 30 in 3 lines (768 mm) long, Java.

Isogomphodon maculipinnis Poey, 1865:191-192, pl. 4, figs. 2, 3. Female, 1,715 mm, Cuba.

Uranga nasuta Whitley, 1943:115-117, text fig. 1. Female, 727 mm, Queensland, Australia.

Galeolamna fowleri Whitley, 1944 (in part):255-256, fig. 2. Holotype, male, about 5% ft (1,676 mm) long, Western Australia,
Exmouth Gulf.

Longmania calamaria Whitley, 1944:257-259, text fig. 4. Head and tail of specimen, about 5% ft (1,676 mm) long, Western
Australia, Busselton.

Carcharinus johnsoni Smith, 1951:88-92, text figs. 1, 2. Holotype, female, 1,170 mm, South Africa; paratype, female, 875 mm,
South Africa.

Aprionodon caparti Poll, 1951:41-46, text figs. 16, 17, 18. Holotype, male, 835 mm, Angola; two paratypes, females, 775 and 795

mm, Angola.
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Diagnosis.—Large sharks, up to 2.78 m long, lacking an interdorsal ridge; fin tips without dark markings in newborn specimens bu
becoming increasingly dusky to black with growth so that in subadults the second dorsal, anal, pectorals, and lower lobe of caudal ar
clearly black tipped, as may also be the first dorsal and upper lobe of caudal and sometimes the pelvics as well; snout long and pointe
or sharply rounded; internarial width 1.5-1.8 in preoral length; origin of first dorsal fin over or behind inner pectoral corner; apex o
first dorsal sharply rounded to pointed; origin of second dorsal about over or usually slightly behind anal fin origin; height of secon

. ) 16-2-16 15 to 18-2 or 3-15to |
dorsal 1.8-2.6% TL and 1.4-1.9 in length of its rear tip; dental formula usuallyls —_— 16but may be 1ato 17-1to 314 to 1

upper teeth narrow, erect to slightly oblique, concave laterally and medially, with uniform serrations; lower teeth slightly oblique
usually smooth edged; no obvious discrete series of enlarged hyomandibular pores alongside corner of mouth; precaudal centra 76-91
caudal centra 84-96; total centra 155-185; diplospondyly begins from pelvic axil to slightly behind pelvic rear tip; diplospondylous cen
tra usually regular but sometimes alternating in length; penultimate monospondylous centrum 1.0-1.2 times wide as long.

Two other smooth-backed species, /imbatus and amblyrhynchoides, share with brevipinna the common features of a pointed snout
noticeably narrow, essentially erect upper teeth, and a definite color pattern including black tips on at least the pectoral and second doi
sal fins and the lower lobe of the caudal (though in brevipinna these markings are acquired gradually, being absent in newborn an
young specimens, hence some caution is needed in identifying juveniles). In general, brevipinna has smaller fins and is more slende
bodied than either /imbatus or amblyrhynchoides, and its lower teeth are smooth edged. However, it can more readily be identified b
the position of its first dorsal origin which is either over or slightly behind the inner pectoral corner whereas in limbatus and amblyrhyn
choides it is much farther forward, usually over or just behind the pectoral axil.

Nomenclatural discussion.—The long-standing acceptance of brevipinna (Miiller and Henle, 1841:31) as a species of Aprionodo
rather than of Carcharhinus to which it really belongs was derived from two facts as follows: firstly that brevipinna was based on a ver
young specimen (holotype was 785 mm long), and secondly that such young (newly born) specimens have upper teeth which are eithe
smooth edged or so feebly serrated as to give the impression of being smooth edged. Only in specimens of slightly larger size are th
upper teeth regularly and noticeably serrated. Under these circumstances it is not surprising that all of the early literature reports ¢
brevipinna were of young specimens, less than about 900 mm long. Considering that the size at birth of brevipinna is usually about 70
mm, this means that the adults would have to be relatively large sharks, of the order of 2 m long. The absence of any references t
brevipinna adults in the early literature suggested either that no adults had been taken, which would be most unusual, or that the aduls
were masquerading under some other name. In the present study, the examination of a wide size range of specimens confirmed that th
latter situation was involved, and that the adult of brevipinna had been described as early as 1865 by Poey under the nam
maculipinnis. The serrated upper teeth of maculipinnis place it in Carcharhinus, but there is an adequate series of intermediate-size
and small specimens to demonstrate that such teeth are replacements, during juvenile life, for the smooth-edged teeth of brevipinna. |
is surprising that this transition in dental characteristics and its nomenclatural sequelae were not elucidated sooner, for as long ago 3
1853, Bleeker, in reporting two small specimens of brevipinna from Batavia, noted that with a good lens he could see serrations on the!
upper teeth, and in consequence assigned them to the subgenus Prionodon (= Carcharhinus). However, complicating the issue is th
unusual change in the color pattern of brevipinna as the animal grows. D'Aubrey (1964) summarized this for her South Africa
material which she recognized as maculipinnis by saying ‘‘In young specimens there are no markings but in specimens of between 2 an
3 feet in length the second dorsal becomes tipped with black while the anal, lower caudal and pectoral fins are dusky-tipped. I
specimens of over 4 feet in length the tips of the second dorsal, anal, lower caudal and underside of the pectorals are black. The pelvic
usually have no markings.’” By contrast, in other species of Carcharhinus with black-tipped fins, the black markings are usually mor
prominent in small specimens than in large, and tend to fade with growth in adults. In view of this it is not so surprising why brevipinnc
based on a juvenile with pale fins, was not associated with maculipinnis which was described from an adult with black-tipped fins. |
also explains why Whitley (1944) separated his calamaria (adult with black fin tips) from his closely similar nasuta (juvenile with pal
fins), which two species are also referable to brevipinna.

In light of the above comments, and bearing in mind the several distinctive features of proportions, teeth shape, dental formulae
and vertebral characters including the unusual position at which displospondyly occurs, it is possible with confidence to treat as con
specific the several species discussed below. The only feature in which there is marked variation is in vertebral numbers, with specimen
from the western North Atlantic having lower counts than those from the eastern Atlantic, Mediterranean, Red Sea, Indian Ocean, an
western Pacific. However, this difference in counts is bridged by specimens from the western South Atlantic; in consequence I canng
justify the recognition of subspecies of brevipinna such as I had previously considered (Garrick 1967) and of which one (brevipinn
brevipinna) was noted by Krefft (1968).

The holotype of brevipinna is a mounted skin (RNH 2525) from Java in the Leiden Museum, and is clearly the specimen describe
and well illustrated in the original account of the species in Mtlller and Henle (1841:31, pl. 9). The upper teeth are essentially smoot|
edged, but on some of them there are rather indistinct serrations towards the bases according to Boeseman® who examined them afte
removing a coat of varnish with which they had been covered. These incipient serrations could be expected, for in two other compar
able-sized specimens that I have seen, of 720 and 757 mm long, the upper teeth were already serrated, whereas in two of 640 mm the
were smooth.

Poey’s description (1865:191) of maculipinnis, supported by his later account (1876) in which he gave additional comment ani
description, was based on a female specimen of 1,715 mm from Cuba. I do not know if the holotype is still in existence, but the descrip
tion of it is very good, and the illustrations of the teeth and dermal denticles substantiate it as an adult of brevipinna as here recognized

Whitley (1939:231) recorded from Queensland, Australia, a small, 780 mm, specimen of brevipinna in which the upper teeth wer
still smooth, and in so doing noted that brevipinna differed in various proportions from Aprionodon isodon, type species of the genu

SM. Boeseman, Curator of Fishes, Rijksmuseum van Natuurlijke Historie, Raamsteeg 2, Leiden, Netherlands, pers. commun. October 1963.
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Aprionodon. Accordingly, Whitley proposed for brevipinna a new genus Longmania. Although Whitley was correct in removing
brevipinna from Aprionodon, he did not realize that brevipinna was a growth stage of a Carcharhinus species, and, judging by his later
accounts where he described brevipinna specimens under three new specific names and two further generic names, including a new
genus, he does not seem to have been clear as to its characterization and status.

The first of these Whitley taxa was Uranga nasuta, a new genus and species described (1943:115) from a recently born specimen, 727
mm long, from Queensland, Australia. Several characters supposedly separating Uranga from Longmania were given in the generic
diagnosis of the former, but none of these (first dorsal fin height, second dorsal size relative to anal fin, etc.) can be confirmed except
that Uranga had serrated upper teeth. The holotype of U. nasuta was not preserved, other than for some of the teeth and a sample of
skin (AMS IB.1222) which I have examined in the Australian Museum. These fragments, together with Whitley’s description of nasuta,
its dental formula TIB{%'}"?B ,and his illustration, which he stated was ‘“. . .reconstructed from measurements and field notes’’ support
the interpretation of nasuta as a juvenile brevipinna in which the upper teeth had already developed serrations but in which none of the
fins had yet developed black tips. The fact that the holotype of nasuta had serrated upper teeth at a total length of 727 mm, whereas
Whitley’s earlier described specimen of Longmania brevipinna still had smooth teeth but was 780 mm long, does not negate the view
that the two are conspecific, as I have found comparable variation between individuals from other localities.

Whitley’s (1944:255) description of Galeolamna fowleri as a new species from Western Australia clearly included brevipinna plus
another species, but there are several discrepancies in this account which I am unable to resolve. Whitley stated (p. 255) that fowleri was
based on two whaler sharks which were not preserved ‘‘but photographs and a pair of jaws indicate that the species is an undescribed
Galeolamna.’’ On the following page there is a reference to three specimens, the holotype, a ‘‘male, about 5% ft. [1,676 mm] overall, >’
and “Two others caught inside Exmouth Gulf.”” Whitley’s figure 2a of the teeth is labelled as of the holotype, and the holotype jaws
are stated to be in the Western Australian Museum, Perth, registered number P. 2503. Whitley’s figure 2 is a line drawing of the lateral
view of a shark, lacking an anal fin, and also labelled as the holotype. Figure 2 was made by tracing from a photograph which I have
seen in the Australian Museum, Sydney, and which still shows the pencil impressions from being traced. The photograph is of a small
shark being held by a man. The shark possesses an anal fin but it is somewhat obscured by shadow. The shark appears to be a
female—there is no evidence of claspers. Judging by the man'’s size, the shark could not be longer than about 1,200 mm (4 ft). The
shark, therefore, is too small and of the wrong sex to agree with Whitley’s published data on the holotype of fowleri, yet the traced
figure from it is labelled as holotype. This shark is clearly a specimen of brevipinna judging by those features shown in this photograph
and in another photograph of an oblique underside view of the head region of the same specimen. On this basis fow/eri must be refer-
red, at least in part, to brevipinna. I have examined the jaws, supposedly from the same specimen, in the Western Australian Museum.

13-1-1 it o : b
The shape of the teeth, and the dental formula (mj-% definitely are not those of brevipinna but instead appear to be from a

specimen of amblyrhynchos (see p. 106 of this account). Presumably S. Fowler, who obtained the jaws and provided the photographs
used in Whitley’s account, confused the two species. Whether this is the reason or not, it does not alter the situation that fowleri is
based on two species, and by original designation has two holotypes—one represented by an illustration made from a photograph of a
shark (= brevipinna), the other by a pair of jaws (=amblyrhynchos). Because the jaws are a more tangible remnant and because
Whitley (1944:256) noted that ‘‘the dentition alone is sufficiently distinctive, especially as regards the median teeth of lower jaw, to
justify the proposal of a new name,’” I designate the jaws as the operative holotype of fowleri.

In the same account as the above, Whitley (1944:257) described Longmania calamaria from portions (the head and the tail) of a
specimen estimated to have been about 1,650 mm (5 ft) long, from Western Australia. Despite the fragmentary nature of this
material I have no hesitation in referring the account of it to brevipinna on the basis of the snout length and shape, the dental formula

m”:l:” the shape of the teeth, the rather long labial furrows, and the black tip on the lower lobe of the caudal fin. Whitley stated
that the type material is in the Western Australian Museum, but it cannot now be found. The upper teeth of calamaria were finely
serrated, and in view of this it is surprising that Whitley assigned calamaria to Longmania for in two earlier accounts (1939, 1943) he
had diagnosed that genus as having smooth-edged teeth. Whitley compared calamaria with brevipinna and with nasuta but the few
differences he mentioned (teeth and a black tip to the lower caudal lobe) can be ascribed to the differing ages of the specimens
representing these nominal species. Whitley later (1945) reported on a further seven specimens of calamaria, 1,000-1,255 mm long, also
from Western Australia, and his illustration of one of these shows the black-tipped fins which are a feature of brevipinna subadults and
adults.

Smith’s (1951:88) original description of joknsoni from southeastern South Africa is so definitive that, coupled with his excellent
illustration of the holotype, leaves no doubt that it is referable to brevipinna. The holotype, a skinned-out specimen of 1,170 mm in the
Department of Ichthyology, Rhodes University, confirms this identification. Smith (1951) commented that johnsoni was very similar to
maculipinnis but hesitated to regard them as conspecific until actual specimens could be compared. Such differences as he noted
between his relatively small specimens and the large female maculipinnis described in Bigelow and Schroeder (1948) fall well within the
changes in their proportions with growth.

Poll (1951:41) described caparti from a small male specimen of 813 mm (IRSN 97) and two small females of 760 mm (IRSN 98) and
785 mm (MRAC 80255) from Angola. I have seen the type specimens and these, together with Poll’s excellent description and illustra-
tions, conform to brevipinna. Although Poll placed caparti in Aprionodon he noted that on some of the teeth there were irregularities
or sometimes feeble serrations which suggested Carcharhinus, hence he commented that Aprionodon should have subgeneric rather
than generic rank. Poll compared caparti with isodon and with brevipinna but the differences he found in snout length, internarial
width, and pectoral length between caparti and brevipinna are very minor and encompassed within normal variation.
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Description (see also Table 14).—Large sharks, growing to at least 2.7 m TL. Midline of back between dorsal fins smooth, lacking
interdorsal ridge. Upper precaudal pit strongly developed, lower pit weak.

Dermal denticles close-packed, overlapping, subcircular in outline in small specimens, more nearly rhomboid in longer, each wi
three or more usually five strong longitudinal ridges and corresponding sharp-pointed but short posterior marginal teeth in sm:
specimens, seven or occasionally nine ridges in larger specimens where the marginal teeth are feebly represented.

Snout long and rather pointed in contour though this is variable and some specimens have moderately rounded snouts. Anteri
margm of eye above or slightly forward of front of mouth. Nostrils strongly oblique, slitlike, the anterior margin of each with a lo
pointed lobe.

. 16 or 17-2 or 3-16 or 17 .
Dental formula TSTTS in 7 of 26 specimens counted; ]—5—}%_—]2%-2——1-6 in 6; _I%rFW-_frTﬁFfrT— in 8;

17-2-18

15t017-2-15t0 17 ;1 4. and (-7 in 1. Upper teeth narrow, erect near the center of the mouth but slightly oblique laterall

14 to 16-1 to 3-14 to 16
with both margins concave and very finely serrated (except in late embryos and juveniles up to a maximum of about 800 mm long whe
the upper teeth are smooth initially then show varying degrees of incipient serrations, these usually first appearing near the bases of t!
cusps); two or three small symphysial teeth. Lower teeth narrow, slightly oblique except for the most lateral three or four series whi
are strongly oblique, with both margins concave to almost notched basally, smooth edged in most specimens but showing very feet
and irregular serrations in some adults (particularly females); one to three small symphysial teeth.

First dorsal fin moderately low, erect rather than falcate, its apex sharply rounded; origin of first dorsal usually above the inn
(posterior) corner of the pectoral fin but sometimes behind it by a distance which may be as much as one-half or two-thirds of t
length of the posterior (inner) margin of the pectoral fin. Second dorsal fin moderately low and long, almost equal to anal fin; length
second dorsal rear tip 1.4-1.9 (mean 1.6) times its height in 19 specimens; origin of second dorsal slightly posterior to anal fin origi
Pectoral fin moderately short, slightly falcate, and pointed distally; origin of pectoral fin usually below the fourth gill opening b
sometimes below and between the fourth and fifth gill openings; outer corner of pectoral when latter is adpressed to trunk so that
anterior margin is horizontal reaches only from halfway to two-thirds along first dorsal base in small specimens and only slightly farth
back (exceptionally to first dorsal axil) in larger specimens.

Color in life was described by Fourmanoir (1961) as *“. . . . gris-violet, la nuance violette s’accentuant sous un fort éclairage solaire
After preservation in alcohol the back and sides are gray while the underside is white or pale; usually a tongue of the paler color exten
forward along the side from the pelvic region to below the first dorsal fin, but this is not always obvious. In late embryos and new
born specimens the fins are either pale colored or have only narrow dusky margins, the latter particularly on the upper lobe of tl
caudal fin and on the apices of the first and second dorsal fins. In slightly larger specimens these dusky marks become black and mo
extensive (except on the upper lobe of the caudal), and appear also on the lower lobe of the caudal fin, the apex of the anal fin, and ti
tip of the pectoral fin. In specimens of about 1,000 mm long, or sometimes smaller, the first and second dorsal fins, the anal fin, tl
pectoral, and the lower lobe of the caudal are prominently black tipped, while the upper lobe of the caudal retains a narrow dusky
black edging near its tip. The outer tip of the pelvic fin usually remains pale, but in a few specimens from as widely separated localiti
as Florida, Angola, the Red Sea, South Africa, and Australia it is dusky or black.

Vertebral counts of five specimens are given in Table 14 and of another 127 specimens in Table 15.

Table 16 gives the frequency distribution of precaudal and caudal numbers for five regions of the geographical range of brevipinn
and indicates, despite the small size of some of the samples, the marked difference between specimens from the western North Atlant
and those from the eastern Atlantic, Mediterranean and Red Sea, Indian Ocean, and western Pacific Ocean. However, counts for |
specimens from southern Brazil are intermediate.

Centrum diameter considerably greater than centrum length except in longest monospondylous centra at posterior of abdom
which are almost or quite as long as wide. Diplospondylous centra regular in most specimens, but in some there are a few centra alte
nating in length along the caudal peduncle. Diplospondyly usually at or slightly behind the pelvic tip but occasionally as far forward

the pelvic axil. The aﬁ?&-—% of penultimate monospondylous centrum was 0.86-1.04 (mean 0.94) and the

length penultimate monospondylous centrum
Tength first diplospondylous centrum

The smallest, apparently free-living specimen I have seen was 580 mm TL, while the largest embryo was 790 mm. Comparable lar|
variation in size at birth was suggested by Springer (1960) whose data in graphical form indicate a range from about 585 to 710 mm
western North Atlantic specimens. Similarly D’ Aubrey (1964) reported newborn young at 600-785 mm from South Africa, while Ba
et al. (1973), using a larger sample from the same area, noted that birth size is usually from 650 to 750 mm but can be as small as 4
mm or as large as 800 mm. I have seen only juvenile males, up to 1,198 mm long, in which the clasper lengths ranged from 1.3 to 2.2!
TL. Sadowsky (1967a) noted that males of 1,592-1,640 mm from Brazil were mature with claspers up to 8% of ‘‘K&rperlange,” ar
Clark and von Schmidt (1965) reported six mature males 1,880-2,030 mm from Florida with claspers averaging 7.3% TL. Bass et z
(1973) found that southern African males mature between 1,760 and 2,000 mm. Available data on maturity in the female and numb
of embryos per litter are tabulated in Table 17.

Sadowsky (1967a) noted that mating occurred from November to January, but predominantly in November, in the material |
observed in southern Brazil. Bass et al. (1973) reported that in southern Africa *‘. . . young are usually born in April/May after a gest
tion period of some 12 to 15 months.””

The largest specimen of either sex which I have seen was a female of 1,858 mm, but brevipinna grows much larger than this. Da
from Springer (1960) indicate that males from the northwestern Atlantic grow to about 2,275 mm and females to about 2,400 mn
these sizes are in accord with reports from several other authors. However, occasional specimens may grow larger, e.g., a female «
2,780 mm taken during the Mauritius-Seychelles Fisheries Survey and identified as sorrah by Wheeler (1953) but which from his illustr,

was 1.29-1.46 (mean 1.36) in 17 specimens.
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Table 14.—Carcharhinus brevipinna, proportional dimensions in percentage of total length.

Q672mm J740mm < 750 mm

J 598 mm Brazil Western South @865 mm 1,020 mm Q1,290 mm 9 1,858 mm
Louisiana Rio de Australia Africa 'J813 mm Florida Red Sea T 1,198 mm Red Sea  South Africa
USNM Janeiro BMNH 1927. Natal Angola USNM NMV 2901 Sumatra NMV 2492 Natal
127111 NMV 61-394 10.28.1-5  ORID 686 IRSN 97 179109 (old no.) NMV 61429 (old no.) ORID
Snout tip to -
outer nostrils 4.7 4.6 4.7 4.5 45 4.6 4.5 4.6 4.6 43
eye 8.4 8.2 8.2 7.8 8.4 8.4 8.3 - 8.2 7.2
mouth 8.3 8.0 8.6 7.8 8.6 9.0 8.6 8.0 8.5 7.7
Ist gill opening 18.9 19.8 20.5 20.3 20.0 20.2 20.2 19.4 21.8 19.6
3d gill opening 21.6 2.4 2.8 223 22.5 28 2.6 21.7 4.4 2.7
Sth gill opening 234 24.7 24.7 23.6 24.1 4.5 4.2 243 25.6 2.7
pectoral origin 2.7 242 24.0 22.9 23.4 24.3 234 23.8 4.8 29
pelvic origin 49.3 -51.2 49.9 49.7 50.5 50.8 50.1 50.5 51.8 $1.7
Ist dorsal origin 32.8 333 33.3 32.0 326 339 32.7 334 33.0 39
2d dorsal origin 63.6 62.9 63.1 63.6 63.1 64.1 63.9 63.8 65.0 65.1
anal fin origin 62.5 62.2 62.3 63.2 62.5 63.6 62.9 63.8 64.2 63.5
upper caudal origin 13.7 73.4 73.1 73.7 73.8 74.2 74.6 73.6 75.3 748
lower caudal origin 3.1 72.6 72.3 73.6 73.1 73.6 74.1 72.6 74.4 7.9
Nostrils
distance between inner
corners 5.2 5.2 5.0 48 53 5.2 5.2 4.7 49 4.5
Mouth
width 6.7 T3 6.4 6.4 8.1 7.9 7.6 7. 7.6 6.7
length 4.8 4.8 4.5 4.7 4.9 4.5 44 4.5 4.6 4.0
Labial furrow lengths
upper 0.7 0.7 0.7 0.9 0.8 0.8 0.9 0.8 08 0.8
lower 0.3 0.7 0.7 0.7 0.6 0.7 0.8 0.9 09 0.7
Gill opening lengths
Ist 33 43 3.2 3.7 33 4.0 e 4.2 16 18
3d 4.2 4.3 3.8 5.5 4.1 4.5 37 4.2 36 44
Sth 33 33 et 2 jir] e 38 2.9 3.2 2.8 32
Eye
horizontal diameter 2.0 ) [57 1.8 1.7 1.7 1.7 1.4 1.4 LA 1.1
Ist dorsal fin
length of base 9.4 9.2 9.2 9.2 8.8 5 9.0 8.9 9.8 10.5
length posterior margin 2:3 3.0 2.7 2.8 2.9 2.8 2.8 3.0 2.6 24
height 6.1 78 6.0 6.5 8.3 7.4 8.1 R.6 8.8 8.5
2d dorsal fin
length of base 3.5 a.7 3.5 3.5 39 34 34 33 3.3 13
length posterior margin 3.2 3.6 3.1 3.6 34 o 34 i8 13 16
height 1.9 25 1.8 1.9 2.3 2.2 2.2 23 2.2 2.2
Anal fin
length of base 4.5 4.2 4.5 43 4.9 4.2 3 4 4.2 4.5
length posterior margin 3.0 33 3.0 3.5 3.1 3.2 3.2 3.7 3.1 1.5
height 2.7 3.2 2.6 2.5 3.1 2.7 2.9 2.9 2.7 2.9
Pectoral fin
length of base 4.9 5.4 49 el 5.8 S 5.5 5.0 6.0 59
length anterior margin 13.7 14.6 13.4 13.6 15.1 14.6 14.9 14.4 15.4 16.0
length distal margin o 11.1 8.4 1.7 11.9 10.7 11.6 11.5 12.4 12.0
greatest width - 7.9 7.0 7.3 8.2 — 8.1 8.0 8.4 8.1
Pelvic fin
length of base 4.8 4.1 4.5 49 4.8 4.8 4.7 5.0 50 48
length anterior margin 5.4 4.6 4.1 5.1 4.5 5.2 4.7 4.6 47 53
length distal margin 3.8 4.6 3.9 39 4.7 44 4.6 48 46 4.3
length of claspers 1.8 — 1.6 1.3 1.8 1.7 1.9 1.8 -
Caudal
length of upper lobe 26.1 27.1 25.7 25.7 26.8 25.8 26.6 264 25.5 25.6
length of lower lobe 10.2 11.3 10.4 12.1 1.1 1.4 11.6 i1.8 12.2 e
Trunk at pectoral origin
width 82 10.3 10.0 93 10.2 10.3 9.8 —_ 98 1.0
height 9.9 9.8 11.2 10.7 1.7 10.66 (10 IM T 10.5 ey
s 2 7-2- -2- 6-2-16 16-2-1 16-2- 7-3-17 521
Deatal formula o= - U s 15118 S8 1§D 2 6118
Vertebrae
precaudal 78 — 85 - 84 n — o = 86
caudal 86 o= 94 — 90 84 s - - 91+
total 164 == 179 = 174 161 — - - 179 «

'Holotype of Aprionodon caparti.



Table 18, Vertebral numbers in 127 specimens of Carcharhinus brevipinna,

Specimens Sl ~ Precaudal  Caudal Total
LSNM 179111 Florida 6 HA 160
USNM 127111 Loulslana ™ L 164
LISNM 12713} Loulslana L] Ho 164
LISNM 127132 Loulsiana ” L1 167
< . 10 specimens, H1-8) - 155178
southern Bragll' (mean ¥2) (mean 170)
southern Bragl’ #1 LY 168
southern Bragll N2 L} 167
southern Nragl! A2 L] 170
southern Bragil' e Ly 166
southern Brazil' Kl LD 170
southern Bragil! ” Ko 163
southern Bragll! " LA 164
southern Brazil’ ™ LL] 166
. Cape Verde lslands’ L 9 m
ISZ7 14207 Togo L1 %0 176
Angola’ LA n 1
Angola’ LA [ /] 1
IRSN 98 Angola* L0 L] 174
Israel, Haifa Hay' L LAl 180
Tunisia® LA] w“ 179
NMYV (uncat.) Red Sea L 9 181
ORID 6% South Africa, Natal' LA 62+ 147 ¢
BMNH 192211301 South Africa, Natal L1 9% 181
DIRU (Uncat ) South Africa, Natal N7 0n 180
K9 specimens,
the east coast of LARY] 174188
southern Africa’ (mean K6.7) (mean 179.6)
WMNH TH6T 1128192 presumably Past Indies® N4 €0 174
QM 16714 Australia, Queensiand Ly - (L1}
HMNH 190310 lapan L0} 90 184
USNM 197428 Indian or Pacific Oceans NS 9 180
USNM 197432 Indian or Pacific Oceans Ho “ 180
Range (Including counts from Table 14) 76-91 N4 90 195183

'Counts from Sadowsky (1967a)

Counts supphied by Vo Sadowsky, Chiel Oveanographer, Instituto Oceanogralico, Univer
sidade de Sao Paulo, Canandia, Braal, pers. commun, Mairch 1970

'Counts from Krelft (1968)

‘Paratype of Aprionodon caparti

‘Counts supplied by A Ben Tuvia, Mologist, Marine Resources Section, Fisheries Rlology
Rranch, Food and Agriculture Organization of the United Nations, Via delle Terme di Caracalla,
Rome, pers. commun. November 1964

*Counts from Quignard and Capape (1971h)

"Counts supplied by 1. D D'Aubrey, Asslitant Research Officer, Oceanographic Research
Institute, .0 Box 736, Durban, South Afvica, pers. commun. July 196)

fCounts from Nass ot al (1971)

Specimen from Nleeke

Pable 16, Fregquency distiibution of precandal and candal vertebral numbers in Carcharhinus brevipimna (arvowed ranges with a number in the middie are data fr
ather authors),

Precaudal b 3 " : Caudal .

Oceans 6 77 78 79 KO K1 K2 K) B4 HS Ho K7 BR K9 90 91 B4 8BS BO BT KR K9 90 91 92 93 04 98 !
Waesiteirn North Atlantic (T P 2 A I
Western South Atlantic (| 2 2 2 12 3%

- 10 -

Baatern Atlantic ik 5§ 1 2 1 2
Mediterianean and Red Nea 1 ke 4 bsnd ot
Indian Ocean and Western Pacifie . & .2 &l | Lo il

ton {s brevipinna, The largest specimens recorded by Bass et al, (1973) in their large sample from southern Africa were a male of 2,3/
mm and a female of 2,660 mim,

Distribution (see also Material examined), —Carcharkinus brevipinna has a wide distribution in the Atlantic, Mediterranean, Red S¢
Indian Ocean, and western Pacific, but within these oceans the number of localities from which specimens are known is relatively sma
Most of them are coastal, and most lie within the tropics, although in South Africa and western Australia brevipinne occurs to abo
lat, MS, and it s also present in comparable latitudes in the Mediterranean and in the western Pacific at Japan, Detailed localiti
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Table 17.—Size at maturity in the female, and number of young per litter in Carcharhinus brevipinna.

Total length
of female No. of No. of
(mm) embryos litters Locality Source
1,702-2,213 2-14 — Brazil Sadowsky (1967a, as maculipinnis)
(mean 6)
1,875 10 1 Florida? Bigelow and Schroeder (1948, as maculipinnis)
1,890 6 1 Brazil Sadowsky'
2,100 6 1 Mauritius-Seychelles Wheeler (1953, as sorrah)
2,120-2,660 6-15 10 South Africa Bass et al. (1973, as brevipinna)
(mean 10.7)
2,160 3 1 Red Sea Gohar and Mazhar (1964, as maculipinnis)
2,780 11 1 Mauritius-Seychelles Wheeler (1953, as sorrah)
V. Sadowsky, Chief Oceanographer, Instituto Oceanografico, Universidade de Sao Paulo, Cananéia, Brazil, pers

commun. March 1970.

given below are based principally on material that I have seen supplemented by literature reports [as maculipinnis for most localities by
Poey (1865), Tortonese (1950), Springer (1960), Lowe (McConnell) (1962), Sadowsky (1967a), Quignard and Capape (1971b), and
Capape (1975); as sorrah by Wheeler (1953); as johnsoni by Fourmanoir (1961); as calamaria by Whitley (1968); and as brevipinna by
Ben-Tuvia (1966), Krefft (1968), and Bass et al. (1973)].

Western Atlantic from the Bahamas, Florida, Mississippi, Louisiana, and Cuba in the north, and from British Guiana and Brazil
(Vitoria, Rio de Janeiro, and Cananeia) in the south; eastern Atlantic at Cape Verde Islands, Senegal, Togo, and Angola; southern
Mediterranean at Tunisia, Libya (Tripoli), and Israel (Haifa Bay); Red Sea; western Indian Ocean at the Mauritius-Seychelles area,
Madagascar, Europa Island, and on the east coast of Africa from southern Mozambique to southern South Africa (Mossel Bay); Indo-
Australian region at Java, Sumatra, and at Western Australia, Queensland, and New South Wales; western Pacific at Japan.

Literature listings by name only, as brevipinna, also include Oman and Muscat in the Arabian Sea, and the Philippine Islands; these
are probably correct but there are no further data or specimens to substantiate them.

Ben-Tuvia (1966) regarded Mediterranean specimens of brevipinna as being of recent Red Sea origin, as immigrants through the Suez
Canal. My data do not throw any light on this suggestion insofar as I find no differences between specimens of brevipinna from the Red
Sea and others from the eastern North Atlantic, which latter might equally well have been the source of the Mediterranean stock.

Material examined.—SU 52761, female embryo, 408 mm, Brazil, Espirito Santo, Vitoria; IFAN 56-114, female embryo, 475 mm,
Senegal, Zoal, 23 April 1956, J. Cadenat; IFAN 56-118, male embryo, 485 mm, Senegal, Zoal, 24 April 1956, J. Cadenat; IFAN
56-116, female embryo, 490 mm, Senegal, Zoal, 24 April 1956, J. Cadenat; IFAN 56-117, female embryo, 490 mm, Senegal, Zoal, 24
April 1956, J. Cadenat; IFAN 56-158, female embryo, 515 mm, Senegal, Zoal, 11 May 1956, J. Cadenat; ISZZ 14237, male embryo,
515 mm, Togo, Diel; SU 52758, female embryo, 552 mm, Brazil, Rio de Janeiro; RNH 7373, female, 580 mm, Batavia, 1852, P.
Bleeker; USNM 127111, male embryo, 598 mm, Louisiana, Grand Isle; USNM 127133, male embryo, 635 mm, Louisiana, Grand Isle,
10 July 1930, I. Ginsburg; IFAN 56-196, female embryo, 640 mm, Senegal, Zoal, 12 July 1956, J. Cadenat; USNM 127112, female em-
bryo, 640 mm, Louisiana, Grand Isle, 10 July 1930, I. Ginsburg; USNM 127132, male embryo, 640 mm, Louisiana, Grand Isle, 10 July
1930, 1. Ginsburg; IFAN 56-195, male embryo, 645 mm, Senegal, Zoal, 12 July 1956, F. Paraiso; NMV 61-394, female, 672 mm,
Brazil, Rio de Janeiro, 1874, Steindachner; BMNH 67.11.28.192, male, 695 mm, Bleeker; ANSP 73246, male, 720 mm, South Africa,
Durban, 27 May 1931, H. W. B. Marley; AMS IB.1222, teeth and skin sample from female, 727 mm (holotype of Uranga nasuta),
Australia, Queensland, Hervey Bay, Urangan, 16 March 1943; RNH 7374, male, 735 mm, Bleeker; BMNH 1927.10.28.1-5, five em-
bryos, 4 males, 710-790 mm, and 1 female, 785 mm, Western Australia, 615 mi N of Fremantle, A. Ehrenreich; ORID 686, male em-
bryo, 750 mm, South Africa, Natal, Inyoni Beach, 18 May 1963; SFRH 831, female, 757 mm, Israel, Haifa Bay, 23 September 1958, A.
Ben-Tuvia; IRSN 98, female, 760 mm (paratype of Aprionodon caparti), Angola, Pointa do Dande, 8°30'S, 13°16 'E, 5-6 February
1949; RNH 2525, mounted skin, ca. 785 mm [holotype of Carcharias (Aprion) brevipinna], Java, H. Kuhl and J. C. van Hasselt; QMB
1.6714, male, 785 mm, Australia, Queensland, Cape Cleveland; MRAC 80255, female, 785 mm (paratype of Aprionodon caparti),
Angola, Pointa do Dande, 8°30'S, 13°16 'E, 5-6 February 1949; USNM 197432, female, 794 mm, Indian or Pacific Oceans, 1962, T.
Abe; IRSN 97, male, 813 mm (holotype of Aprionodon caparti), Angola, Pointa do Dande, 8°30'S, 13°16 'E, 5-6 February 1949; SU
13898, female, 815 mm, Japan, Sagami Sea, 1904, A. Owston; BMNH 1905.10. . .. .. , female, 840 mm, Japan; NMV (uncat.) male,
847 mm, Red Sea, Suez, 1895-96; DIRU (uncat.), female, 852 mm, South Africa, Algoa Bay; USNM 179109, male, 865 mm, Florida,
Sarasota, Siesta Key, 31 March 1963, Cape Haze Marine Laboratory; USNM 197428, female, 878 mm, Indian or Pacific Oceans, 1962,
T. Abe; NMV (uncat.), male, 915 mm, Red Sea, Suez, 21 September 1905, Schonbrun; NMV 2901 (old number), male, 1,020 mm, Red
Sea, 1896; USNM 179111, female, 1,036 mm, Florida, Sarasota, Midnight Pass, 31 March 1963, Cape Haze Marine Laboratory;
BMNH 1922.1.13.1, female, 1,093 mm, South Africa, Natal, Cape St. Francis, Marley; DIRU, skin of female, 1,170 mm (holotype of -
Carcharinus johnsoni) South Africa; NMV 61-429, male, 1,198 mm, Sumatra, Padang, 1896, Schild; NMV 2492 (old number), female,
1,290 mm, Red Sea, Suez; AMS IB.1619, two teeth and skin sample from specimen ca. 1,650 mm (holotype of Longmania calamaria),
Western Australia, Busselton, 15 November 1943, Nicholas, Soulos, and Veale; ORID 593, female, 1,858 mm, South Africa, Natal,
Umdoni Park, 30 March 1963.

Also jaws as follows: QMB 1.8253, Australia, Queensland; USNM 109957, Florida, Englewood; USNM 110306, Florida,
Englewood; USNM 112597, Florida, Salerno.
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Carcharhinus sealei (Pietschmann, 1913)
Figures 23, 24, 25

Figure 23.—Western Pacific Carcharhinus sealei: a, left side of USNM 151233, 680 mm TL, female from the Philippines (tip of snout and rear tip of second do
reconstructed); b, underside of head of same specimen; c, underside of head of SU 13811, 463 mm TL, female from Borneo.

A

Figure 24.—Western Indian Ocean Carcharhinus sealei: a, left side of ANSP 25838, 599 mm TL, female from Natal (rear tip of second dorsal reconstructed); b, undersid
head of same specimen; ¢, enlarged left nostril of same specimen; d, first dorsal fin of ANSP 55298, 368 mm TL, female from Delagoa Bay.

Charcharias borneensis Seale, 1910:263-264, pl. 1, figs. 1-4. Holotype, 372 mm in length to upper caudal origin, Borneo, Sandak
[Preoccupied by Carcharias (Prionodon) borneensis Bleeker, 1858-59.]

Carcharias sealei Pietschmann, 1913:172, footnote. [Replacement name for Carcharias borneensis Seale, 1910.]

Platypodon coatesi Whitley, 1939:234-235, fig. 7. Male, 31 in (787 mm) long, Australia, Queensland.
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Figure 25.—Carcharhinus sealei, USNM 151233, 680 mm TL, female from the Philippines: right upper and lower teeth (symphysis to the right); inset teeth are enlarged
fifth upper and lower teeth.

Diagnosis.—Small sharks, up to 0.95 m long, with or without a low interdorsal ridge; second dorsal fin dusky to black but all other fins
lacking dark markings and having pale trailing margins; snout short and pointed to rounded; internarial width 1.2-1.6 in preoral length;
origin of first dorsal fin about over or slightly behind inner pectoral corner; first dorsal falcate, its apex pointed; origin of second dorsal
slightly to noticeably behind anal fin origin; height of second dorsal 2.8-4.3% TL and 0.8-1.3 in length of its rear tip; dental formula
12-2-12 12 or 13-0 to 2-12 or 13 A y 4

usually o110 but may be o 30 to 11 to ; upper teeth moderately broad in females and immature males but narrower in
mature males, oblique, deeply notched laterally, medial margins with slightly coarser serrations basally, lateral margins with several
very enlarged serrae basally and finer serrations distally; lower teeth oblique, more so in mature males, notched laterally, essentially
smooth edged except in adult females where there are fine serrations medially and coarser or enlarged serrae laterally; no obvious
discrete series of enlarged hyomandibular pores alongside corner of mouth; precaudal centra 74-85; caudal centra 71-83; total centra
148-167; diplospondyly usually begins above middle third of pelvic base but may be as far back as midway between pelvic rear tip and
second dorsal origin; diplospondylous centra either regular in length or with one or more groups of two to five long centra intercalated
in the short centra between pelvic base and second dorsal base; penultimate monospondylous centrum 1.1-1.3 times longer than wide.

Carcharhinus sealei is remarkably similar in its color pattern (second dorsal fin obviously dusky to black but all other fins lack dark
markings) to the Indo-west Pacific dussumieri with which it is sympatric in part of its range, and to a lesser extent it resembles the
western Atlantic acronotus. Differences between these species are detailed in the account of dussumieri (p. 55). Compared with
dussumieri, sealei has a much more falcate first dorsal fin, usually one less tooth on each side of the upper jaw, usually no serrations on
the enlarged lateral basal serrae of the upper teeth, a narrower mouth, and a higher pectoral fin length:width ratio. Vertebral numbers
provide the surest separation of sealei and dussumieri.

Nomenclatural discussion.—Problems involved in the separation of sealei from dussumieri are discussed in the account (p. 57) of the
latter species and need not be repeated here except that I would again draw attention to the data tabulated there which emphasize the
differences between the species in the numbers of precaudal vertebrae in localities where the two species are sympatric. Additional
evidence for separating the species and for the referral of the various nominal species to sealei and dussumieri is also given in the
account of dussumieri.

Among the specimens examined in the present study and referred to sealei are two of the syntypes of menisorrah Valenciennes in
Mtiller and Henle, 1841. These, however, have no effect on the nomenclature of sealei because, as I have noted elsewhere in this
account (p. 160), the type series of menisorrah included two species, and I have selected as lectotype a specimen synonymous with
falciformis.

The name sealei was proposed in a footnote by Pietschmann (1913:172) as a replacement name for borneensis Seale, 1910 which
Pietschmann correctly noted was preoccupied by borneensis Bleeker, 1858-59. Pietschmann made no further comment on sealei.
Seale’s account of his borneensis (1910:263) was based on one specimen, apparently female, 372 mm in length to upper caudal origin,
taken at Sandakan, Borneo. This specimen was deposited as No. 2720 in the collection of the Bureau of Science, Manila, Philippine
Islands, but, as far as I can ascertain, this collection was destroyed by fire during World War II. In consequence the interpretation of
Sealei can be made only from Seale’s account. Seale’s description is good and is accompanied by excellent illustrations (his pl. 1, figs.
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1-4). The most characteristic feature from the illustrations is that the first dorsal fin is very strongly falcate, thus differing from
comparable-sized specimens of dussumieri in which the fin is erect or at most weakly falcate. It is chiefly on the basis of this characte
that I recognize sealei as the oldest available name for the present species. The proportional dimensions of sealei, as taken from the
illustrations, in general favor this decision, but there are some exceptions, and there is also Seale's description that the large basal serras
of the upper teeth are themselves serrated—a feature characteristic of dussumieri, though occasional specimens of sealei show som

development of it. I do not understand Seale’s statement that the teeth were **. . .in two rows at least g on each side. . ."" unless h
meant that each row had H on each side which would be reasonable,

Whitley’s (1939:234) description of coatesi was made from one specimen from northern Queensland, Australia. | have examined th
holotype in the Queensland Museum (QMB 1.6226, mature male, 782 mm) and find that it fits sealei in having a very falcate first dorsa
fin, in its precaudal and monospondylous vertebral numbers, and in most other characters. However, it differs from all of my othe
specimens of sealei and resembles dussumieri in having a very wide mouth, a long first dorsal base, and 71 caudal vertebrae. In th
absence of other Australian material it is not possible to assess the significance of these differences.

Specimens which at this stage can confidently be assigned to sealei, whether from my data or from the few literature reports whict
are clearly based on this species, fall into two geographically separated groups: one in the western Indian Ocean, the other in the eastery
Indian Ocean-western Pacific. The two groups differ in some proportional dimensions; in particular the western Indian Oceas
specimens have, on average, a higher second dorsal fin and longer prenarial and preoral lengths. These differences are tabulated ir
Table 18 and two of them are shown in Figures 26 and 27.

Table 18— Proportional dimensions showing dif ferences between (wo geographically
separated groups of Carcharhinus sealel

2nd dorsal height  Prenarial length Preoral length
as % T1 as % Tl n%Tl
Oceans Range (mean) Range (mean) Range (mean)
Western Indian (n=15) 3142 (3.5) 2.6-1.7 1.2 6173 (6.8)
Eastern Indian

western Pacific (n=11) 2.8-3.6 (12 2.2-3.0 2.7 $.36.7 59

Including 12 specimens from Zanzibar, reported on by Wheeler (1960) as menisorrah
o Lavwss ndign hane Wy Ppda
© Wosnrrs Indian Chems presens ity
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Figure 26.—Second dorsal height as percent of total length versus total length in Figure 27.—Preoral length as percent of total length versus total length n Ca
Carcharhinus sealei from the two sides of the Indian Ocean. charhinus sealei from the two sides of the Indian Ocean.

I find no other differences between the groups either in vertebral numbers or in morphology, except that firstly, the western India
Ocean specimens are, in general, smooth backed whereas eastern Indian Ocean-western Pacific specimens usually have a low, incon
spicuous dermal ridge between the two dorsal fins, and secondly, the western Indian Ocean specimens usually have the anterior margi
of the eye slightly forward of the front of the mouth rather than behind it as in the eastern Indian Ocean-western Pacific specimens

The above differences between the groups, although slight, could justifiably be regarded as meriting formal nomenclatural recogni
tion at the subspecific level. However, I favor recognizing them only informally at this stage (thus avoiding the possibility of burdenin
the literature with names that may prove to be unnecessary) because it seems likely that the two groups could represent merely the en
segments of a continuously distributed Indo-west Pacific species. Their apparent discontinuity, and differences, may well be bridged b
specimens from the northern borders of the Indian Ocean. The related dussumieri is present in at least part of this region—the Persia
Gulf and eastwards to India—and it is conceivable that some of the records attributed to that species could have been based on seale|
One such example is from Day (1878, pl. 187, fig. 2), who illustrated, as dussumieri, a specimen from Malabar, India, which appears t,
be sealei. However, some aspects of the illustration do not engender confidence in the details or the proportions, and I hesitate to iden
tify it with certainty.
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Description (see also Tables 19, 20).—Small sharks, apparently not exceding I m TL. Midline of back between dorsal fins smooth (mos
western Indian Ocean specimens) or with a low, inconspicuous dermal ridge perhaps accentuated by preservation in some specimens
Upper precaudal pit strongly developed, lower pit weak.

Table 19.—Carcharhinus sealei (eastern Indian Ocean-western Pacific specimens), proportional dimensions in percentage of total length.

Q 386 mm Q 680 mm
Q362mm Q364 mm Borneo J402mm Q463mm JI503Imm Q602mm Philippines '0782 mm < 785 mm
Borneo Philippines  Sandakan Singapore Borneo Gulf of Cochin Cebu Australia Gulf of
Sandakan Cebu CNHM UZMK Sandakan Thailand China USNM Queensland  Thailand
SU 27726 SU 27561 21879 PO 677 SU 13811 GVF 2467 MNHN 7803 151233 QMB 1.6226 GVF 2563
Snout tip to
outer nostrils 2.8 3.0 29 3.0 3.0 2.1 2.5 22 24 2.7
eye 6.6 6.9 6.9 6.2 6.9 6.4 6.3 5.9 5.9 6.3
mouth 6.2 6.6 6.0 6.0 6.7 6.2 5.8 53 5.5 5.5
1st gill opening 16.3 17.3 15.0 16.2 16.4 16.6 16.1 15.1 16.8 16.3
3d gill opening 17.9 19.6 17.6 18.7 19.2 19.1 18.4 17:7 - 18.8
5th gill opening 20.4 21.8 19.8 20.4 20.9 21.2 20.5 19.7 2141 20.7
pectoral origin 19.6 20.9 19.0 20.0 20.3 20.3 20.2 19.0 20.1 19.9
pelvic origin 438 45.3 4.6 4.6 46.6 4.7 45.6 47.2 45.8 46.5
1st dorsal origin 29.5 31.0 29.5 29.2 31.3 29.2 29.2 30.0 29.3 29.9
2d dorsal origin 59.7 61.5 60.7 60.0 61.6 60.8 61.2 63.0 62.3 64.2
anal fin origin 58.3 59.9 57.3 58.4 60.5 59.2 59.6 60.9 60.5 62.3
upper caudal origin 73.0 74.2 73.1 72.3 74.5 735 74.0 75.8 75.0 76.8
lower caudal origin 71.9 72.6 71.4 72.0 73.7 72.6 72.9 74.7 74.0 75.9
Nostrils
distance between inner
corners 4.1 4.2 4.1 4.0 4.4 4.2 3.8 4.3 4.6 4.1
Mouth
width 6.1 6.3 6.2 6.0 6.0 6.5 6.1 6.5 7.9 6.2
length 44 44 43 4.2 4.2 4.4 4.2 43 4.3 4.8
Labial furrow lengths
upper = = 0.5 0.4 0.4 0.2 0.4 0.4 0.3 0.4
lower — — 0.4 0.5 0.3 0.4 0.4 0.3 0.2 0.3
Gill opening lengths
1st 1.9 2.1 2.6 2:1 2.6 22 2.2 2.4 2.6 2.4
3d 2.3 2.5 3.1 2.5 3.2 2.6 2.4 3.1 2.9 2.9
5th 1.9 1) 2:1 2.0 2.3 23 2.1 20 2.2 24
Eye
horizontal diameter 2.8 2.9 2t 2.9 2.7 2.4 2.2 23 2.3 2.2
Ist dorsal fin
length of base 9.1 8.8 8.8 8.8 9.0 9.4 8.6 9.0 )5 9.0
length posterior margin 4.2 4.1 4.2 4.1 4.6 — 4.5 4.9 4.5 3.9
height 8.8 9.1 9.1 9.7 10.1 10.1 11.0 10.1 9.8 9.5
2d dorsal fin
length of base 4.8 4.7 4.2 4.4 4.8 5.0 4.2 4.6 4.3 4.5
length posterior margin e 3.8 3.6 3.2 3.7 — 3.5 — 3 3.2
height 2.9 3.2 2.8 312 Sy 3.5 3.6 3.5 2.9 3.1
Anal fin
length of base 5.5 4.8 5.6 5.3 55 6.2 54 5.9 5.1 5.4
length posterior margin 3.6 3.6 3.5 3.1 3.4 2.6 33 3.8 33 3.2
height 3.6 3.6 3.0 3.5 4.1 3.7 3:2 3.5 3.4 33
Pectoral fin
length of base 5.8 5.5 5.4 53 5.8 5.8 Sl 5.7 6.0 5.9
length anterior margin 16.0 15.1 16.0 15.4 17.1 16.2 15.9 17.9 15.8 15.2
length distal margin 9.9 10.4 10.6 9.9 12.7 11.3 12.2 11.6 11.1 11.8
greatest width 8.3 = 8.2 8.0 9.3 9.2 8.8 9.1 - 9.0
Pelvic fin
length of base 5.4 49 4.7 4.6 542 5.4 5.1 5.0 5.7 5
length anterior margin 6.6 6.3 5.7 6.0 6.7 6.7 6.0 7.0 6.5 5.9
length distal margin 4.7 4.7 4.7 4.7 5.4 53 5.0 5.1 5.4 5.2
length of claspers —_ — — 2.0 — 2.6 — — 8.7 8.8
Caudal
length of upper lobe 27.1 26.4 27.0 27.3 26.4 27.0 26.4 24.8 25.0 23.9
length of lower lobe 12.0 11°S 11.1 12.2 12.1 12.5 11.8 12.5 11.1 11.3
Trunk at pectoral origin
width 10.4 10.4 10.4 9.7 10.8 10.7 10.1 10.3 11.0 10.2
height 9.8 10.2 10.1 9.2 10.1 10.5 9.4 10.3 10.3 10.7
ol 13-12 12-1-12 12-2-12 13-1-13 12-2-12 i 13-1-12 13-2-13 12-2-12 13-2-13
12-1-12 12-1-12 12-1-12 12-1-12 12-1-12 12-1-12 13-1-13 12-1-12 12-2-12
Vertebrae
precaudal 81 84 75 77 9 77 - 81 7 79
caudal 80 82 80 74 78 77 = 80 7 73
total 161 166 155 151 155 154 — 161 148 152

'Holotype of Platypodon coatesi.
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Table 20.— Carcharhinus sealei, (western Indian Ocean specimens), proportional dimensions in percentage of total length.

Q 368 mm Q 545 mm @ 599 mm
East Africa 'Q 506 mm 'T 540 mm South Africa 'Q 580 mm ' 595 mm South Africa '@635 mm ‘<767 mm 'O 855 m
Delagoa Bay East Africa East Africa  Durban  East Africa East Africa Natal East Africa East Africa East Afric
ANSP 55298 Zanzibar Zanzibar DIRU Zanzibar Zanzibar ANSP 25838 Zanzibar Zanzibar Zanzibar
Snout 'lip to
outer nostrils 3.3 34 37 e 314 3.0 3.0 35 29 3o
eye 7.6 — — 6.8 — — 6.4 -— —_— —
mouth 73 1.3 6.7 7.0 7.2 6.7 6.8 v 6.1 6.3
Ist gill opening 16.9 15.4 14.4 16.2 15.8 15.1 16.3 16.2 154 15.8
3d gill opening 19.0 — - 18.2 — — 18.7 — - s
Sth gill opening 21.0 20.2 20.0 20.2 21.4 19.5 21.0 198 19.8 199
pectoral origin 20.1 19.4 — 19.8 - — 199 — - -
pelvic origin 46.8 4.5 4.5 45.6 438 43.7 “9 43.0 43.5 46.8
Ist dorsal origin 30.5 289 26.3 28.8 29.3 28.6 294 28.3 274 287
2d dorsal origin 59.6 58.9 59.6 60.4 60.3 59.2 59.6 59.8 604 62.0
anal fin origin 59.3 58.3 58.3 59.7 60.9 57.6 59.8 58.3 60.0 63.2
upper caudal origin 73.1 73.5 73.5 73.7 74.4 73.5 738 74.0 75.5 75.6
lower caudal origin 72.3 71.9 73.5 73.0 74.7 7119 73.0 na 13 6.1
Nostrils
distance between inner
corners 49 4.7 44 4.6 5.2 4.5 47 49 4.2 42
Mouth
width 6.4 6.3 5.6 6.6 6.0 6.1 6.4 6.3 6.1 6.2
length 4.5 - T 39 35 34 18 3.1 35 4.0
Labial furrow lengths
upper — — — — - — 0.5 — — —
lower — - — -- — - 04 - - —_
Gill opening lengths
Ist 2.2 — - 24 — — 2.3 - — —
id 2.7 3.0 24 2.7 31 2.7 p 5% ] 28 26 29
Sth 2.2 — — 2.1 — - 2.2 - —
Eye
horizontal diameter - 24 2.2 23 2.2 2.4 2.6 2.2 — —
Ist dorsal fin
length of base 8.7 8.3 93 9.2 9.0 9.4 8.8 8.8 9.1 9.0
length posterior margin 4.6 43 4.1 42 4.5 4.0 47 44 43 4.2
height 8.2 10.7 9.3 9.7 10.7 94 9.7 10.2 9.1 94
2d dorsal fin
length of base 6.1 5.1 46 48 5.2 5.0 5.0 55 52 48
length posterior margin 38 38 3.7 316 14 3.5 3.3 kN | 40 47
height 35 4.0 3.7 42 4.0 0 43 19 42 39
Anal fin
length of base 6.0 . & 5.6 59 5.2 5.0 5.7 4.7 48 43
length posterior margin 38 36 i3 35 40 34 3.7 39 39 40
height 38 36 3.7 3.7 34 3.2 3.7 33 37 5
Pectoral fin
length of base 5.4 5.3 - 5.7 — - 5.8 - —_ —_
length anterior margin 16.7 14.8 144 16.0 15.5 13.9 16.3 147 13.3 13.5
length distal margin 10.6 - — 12.7 — — 11.3 — — —
greatest width 8.7 —_ — — — — 8.9 — - —_
Pelvic fin
length of base 5.0 — — 49 — — 6.0 — — —
length anterior margin 7.1 6.3 6.5 7.0 6.7 6.7 7.3 6.3 6.1 6.7
length distal margin 4.5 45 4.4 5.1 45 4.6 5.2 5.5 5.5 53
length of claspers — - 2.8 —_ — 34 - 3.5 39 11.5
Caudal
length of upper lobe 26.9 27.1 25.9 26.3 27.6 21.7 26.6 274 26.1 23.6
length of lower lobe 11.8 12.1 1155 11.4 12.1 11:3 11.8 12.0 94 11.1
Trunk at pectoral origin
width 10.3 — — 11.6 — — 10.8 - — —
height 10.0 — — 10.5 - — 94 — P —
12-1-12 12-2-12 12-2-1
Dental formula 2013 = > 2-1-12 o i ll-l~li o OF g
Vertebrae
precaudal 78 — — = — — 75 = = -
caudal 83 — — — — — 80 — _ —_
total 161 _ - — — — 155 — —_ —

'Measurements from Wheeler (1960:273).

Dermal denticles close-packed, slightly overlapping (more so in large than in small specimens), subcircular in outline in sm
specimens but more ovoid to rhomboid in large specimens, each with three longitudinal ridges and three or five rather strong posten
marginal teeth in small specimens but with five ridges and teeth in large specimens.
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Snout rather short, varying from bluntly pointed to rounded in contour. Anterior margin of eye is slightly behind front of mouth in
eastern Indian Ocean-western Pacific specimens but usually slightly forward of mouth in western Indian Ocean specimens. Nostrils
oblique, with broadly ovate apertures, the anterior margin of each with a well-developed, sharply pointed lobe.

12-1 or 2-12 13-1 or 2-13 12-2-12 .
ST

Dental formula in 6 of 13 specimens counted; 30t 21 35 11-1-17 0 1; and within the range

12 102r 0?'&3"_ 112' 1021_ 01r3 13 in the remaining 3. Teeth sexually dimorphic in adult specimens. Upper teeth moderately broad, oblique,

their lateral margins deeply notched, their medial margins convex basally but straight to concave distally; two to five large serrae basally
on the lateral margin of each tooth; medial margins of teeth serrated, the serrations rather coarse and irregular, lateral margins smooth
in small specimens but serrated in larger, the serrations usually not extending onto the large basal serrae; one or two (occasionally none)
smaller symphysial teeth. Lower teeth narrow, oblique except perhaps for the first series on each side of center of mouth, their lateral
margins deeply notched, their medial margins concave; in adult males the first four or five lower teeth on each side of the symphysis are
more slender, oblique, and flexuous than those of adult females (this occurs to a less marked degree in the upper teeth also); medial and
lateral margins smooth, or nearly so, in small specimens and in adult males, but in adult females the medial margins are to some extent
finely and sparsely serrated; some of the more lateral lower teeth in adult females also have large and irregular serrae basally on their
lateral margins, and these are foreshadowed in some of the smaller specimens; one, two, or no small symphysial teeth.

First dorsal fin moderately high, greatly narrowed in lateral view towards the apex, strongly falcate, a vertical from its apex falling at
least two-thirds along the rear tip of the first dorsal; origin of first dorsal usually above or slightly behind the inner (posterior) corner of
pectoral fin, but occasionally slightly anterior to it. Second dorsal fin moderately high but relatively short, about equal to or larger than
the anal fin; length of second dorsal rear tip 0.96-1.31 (mean 1.15) times second dorsal height in 9 eastern Indian Ocean-western Pacific
specimens, 0.80-1.22 (mean 0.97) in 15 western Indian Ocean specimens; origin of second dorsal virtually above or slightly behind anal
fin origin to as far back as anterior one-third of anal base. Pectoral fins moderately short, falcate, with pointed tips; origin of pectorals
below the fourth gill openings; outer corner of pectoral when latter is adpressed to trunk so that its anterior margin is horizontal reaches
from three-fourths along first dorsal base to almost to first dorsal axil.

Color after preservation in alcohol is gray or brownish gray above, paler below; all fins except the second dorsal are at most only
slightly darker than the upper trunk color, though their trailing edges are pale; most of second dorsal fin is dusky to black except for the
rear tip which behind the axil is white.

Vertebral counts of 11 specimens are given in Tables 19 and 20 and of another 25 specimens in Table 21.

Table 21.—Vertebral numbers in 25 specimens of Carcharhinus sealei.

Specimens Precaudal Caudal Total
GVF 2132 Gulf of Thailand 79 77 156
BMNH (Uncat.) Malaya, Selangor 78 75 153
SU 8027 Sumatra 79 71 156
22 specimens, 74-85 — 152-167
South Africa, Natal' (mean 79.4) (mean 161.0)
Range (including counts from Tables 19 and 20) 74-85 71-83 148-167

'Counts from Bass et al. (1973)

Centrum diameter greater than centrum length except for last few monospondylous centra at posterior of abdomen. Diplospondyly
begins variously above anterior third of pelvic base or posteriorly to as far back as about midway between pelvic and second dorsal fins.
Diplospondylous centra regular in length in 6 of 14 specimens radiographed, but in the other 8 there are one or more groups of two to
five slightly to considerably elongated centra interposed between the ‘‘normal’’ shorter centra. These interposed groups of centra occur
in the region between the pelvic and second dorsal fins or even slightly behind the second dorsal fin. Posteriorly to them, along the
caudal peduncle and on the caudal axis, the centra are regular in length. Specimens with regular displospondylous precaudal centra

length
diameter
was 1.11-2.14 (mean 1.44) in 14 specimens.

have been examined from the Gulf of Thailand, Borneo, Sumatra, and South Africa. The of penultimate monospondylous
length penultimate monospondylous centrum
length first diplospondylous centrum

The smallest, apparently free-living specimen that I have seen was 330 mm TL (from Java) and the largest embryo was 364 mm (from
the Philippines). Bass et al. (1973) reported a free-living specimen of 350 mm from Mozambique (Beira) but noted that size at birth can
be up to 450 mm judging by a verbal record of two embryos of 440 and 450 mm from Delagoa Bay. Of the few males examined in the
present study, two up to 503 mm long were immature with clasper lengths of 2.0-2.6% TL, while four others of 765-785 mm, from such
widely spaced localities as the Gulf of Thailand, Sumatra, and Queensland, Australia, were mature with clasper lengths of 8.7-8.9%.
Wheeler (1960), who gave data on eight males and four females, as menisorrah, from Zanzibar stated that males mature at about 850
mm. His data show that six males of 540-767 mm had clasper lengths of 2.8-3.9% TL, and hence would be immature, while two others
of 850 and 855 mm had clasper lengths of 10.6 and 11.5% and were mature. (These clasper length percentages are higher than any of
mine, suggesting that Wheeler’s method of measuring claspers differed from mine.) Bass et al. (1973) noted that their largest immature
male from the east coast of southern Africa was 690 mm, and that eight mature males were 750 mm or longer. Information is scant on
size at maturity and reproduction in the female. Of specimens seen by me, one female of 680 mm from the Philippines was near matur-
ity judging by the degree of development of the oviducts. The smallest of 10 mature females examined by Bass et al. (1973) was 750 mm

centrum was 1.07-1.29 (mean 1.17) and the

6Bass et al. (1973:71) report a personal communication to them from Caixeiro.
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long. The same authors noted that ““The number of embryos varies between one and two. Records in the present study include on
female with a single embryo and five with two embryos each. ... Mating. . .appears to take place in summer with birth possibly abou
nine months later.”” Wheeler (1960) recorded an embryo of 240 mm from Lamu, north of Zanzibar, but did not state if it was the on|
one in the litter.

The largest specimens examined by me were a female of 680 mm and a male of 785 mm. Maximum sizes reported in the literature ar
considerably greater than these. Wheeler (1960) recorded a male of 855 mm, Bass et al. (1973) a male of 900 mm and a female of 92
mm (but the latter given as 940 mm in their list of material), and Marshall (1964, as coatesi) illustrated a Queensland male of 37% |

(953 mm).

Distribution (see also Material examined).—Present records give sealei a disjunct distribution involving the western Indian Ocean o
the one hand and the eastern Indian Ocean-western Pacific on the other. The distribution is principally tropical but extends to abol
lat. 30°S (Durban) in the western Indian Ocean. Localities given below are based on specimens that | have seen supplemented by other
reported in Wheeler (1960) and Bass et al. (1973).

Eastern Indian Ocean-western Pacific at the Philippine Islands, Vietnam, and Gulf of Thailand in the north and southwards in th
Malayan region (Malacca, Selangor), Singapore, Borneo, Sumatra, Celebes, Java, New Guinea (Yapen Island), and eastern Australi
at northern Queensland.

Western Indian Ocean from the African coast at about lat. 2°30'S (Lamu) and southwards at Zanzibar, the west coast ©
Madagascar (single specimen taken at surface over 1,260 m but not far from shallower depths, reported in Bass et al. 1973), Mozam
bique (Beira, Bazaruto Island, Delagoa Bay), and South Africa (Natal to at least as far south as Durban). Offshore it is present, bu
rare, at the Seychelles according to Smith and Smith (1963). I am unable to verify Garman's (1913) listing of it from Mauritius.

Material examined.—RNH 2523, mounted skin of male, 330 mm [syntype of Carcharias (Prionodon) menisorrah], Java, Kuhl and va
Hasselt; RNH 7376, male, 343 mm, and female, 515 mm, Indian Archipelago, Bleeker; RNH 4229, female, 355 mm, and male, 36
mm, Macassar, 1849, D. M. Piller; SU 27726, female embryo, 362 mm, Borneo, Sandakan, A. W. Herre; SU 27561, female embryc
364 mm, Philippine Islands, Cebu, 26 August 1931, A. W. Herre; UZMK PO 691, female, 365 mm, Malacca, 25 November 1919, M
Jensen; ANSP 55298, female, 368 mm, Portuguese East Africa, Delagoa Bay, 1922, H. W. B, Marley; UZMK PO 696, male, 375 mm
Gulf of Thailand, Koh Chang, 19 January 1900, T. H. Mortensen; CNHM 21879, female, 386 mm, Borneo, 2 July 1929, Crane Pacifi
Expedition; SMNS 817, male, 394 mm, Indian Archipelago, Bleeker; MSNG C. E. 23319, male, 395 mm, Borneo, 1886; BMNH (ur
cat.), male, 395 mm, Selangor; UZMK PO 677, male, 402 mm, Singapore, Andrea; RNH 4230, male, 450 mm, Macassar, 1849, D. M
Piller; SU 13811, female, 463 mm, Borneo, Sandakan, 1 July 1929, A. W. Herre; AMS B 5052, male, 478 mm, Selangor; SU 8027
male, 491 mm, Sumatra, Padang, H. W. Fowler; GVF 2467, male, 503 mm, Gulf of Thailand, Trat Province, about 2-3 mi offshore V
and WSW of Goh Chang, 12 January 1961; NMV (—), male, 525 mm, Batavia, 1855; IRSN 2545, female, 533 mm, Java, Samarang
January 1929, Prince Leopold; RNH 2521, mounted skin of male, 535 mm [syntype of Carcharias (Prionodon) menisorrah), Java
Kuhl and van Hasselt; DIRU (uncat.), female, 545 mm, South Africa, Durban, 14 February 1961, A. R. Thorpe; RNH (uncat.
female, 555 mm, New Guinea, Yapen Island, Cape Rainbauri, 1954-55, L. D. Brongersma; BMNH 67.11.28.206, male, 565 mm
Bleeker; NMV (—), female, 595 mm, Java, Novara; ANSP 25838, female, 599 mm, South Africa, Natal, 1935, H. W. B. Marley
MNHN 7803, female, 602 mm, Cochin China, Harmand; RNH 7384, female, 612 mm, Bleeker; USNM 151233, female, 680 mm
Philippine Islands, Cebu market, 16 August 1909, Albatross; NMV 61-360, mature male, 765 mm, Sumatra, Padang, Schild; GV
2132, mature male, 772 mm, Gulf of Thailand, Prachuap Khiri Khan Province, 5 April 1960; QMB 1.6226, mature male, 782 mr
(holotype of Platypodon coatesi), Australia, Queensland, Hinchinbrook Passage, April 1938, G. Coates; GVF 2563, mature male, 78
mm, Gulf of Thailand, Surat Thani Province, ca. 9°32'15"N, 100°09 '45"E, 6-8 May 1961.

Carcharhinus dussumieri (Valenciennes in Miller and Henle, 1841)
Figures 28, 29, 30, 31, 32

Carcharias (Prionodon) dussumieri Valenciennes in Miiller and Henle, 1841:47-48, pl. 19. One specimen from China in the Berli
Museum; two specimens from Bombay, India; and one from Pondicherry, India, in the Paris Museum.

Carcharias (Prionodon) tjutjot Bleeker, 1852:36-37, pl. 1, fig. 4. Two males, 590 and 615 mm, Java, in sea at Batavia.

Carcharias (Prionodon) javanicus Bleeker, 1852:38-39, pl. 2, fig. 5. Female, 470 mm, Java, in sea at Batavia.

Carcharias malabaricus Day, 1873:529-530. One specimen, 15 in (381 mm) long, from Cochin, India, and two specimens, 16 in (4(
mm) long, from Calicut (= Kozhikode), India.

Diagnosis.—Small sharks, up to about 1 m long, with a low interdorsal ridge; second dorsal fin dusky to black but all other fins lackir
dark markings and having pale trailing margins; snout of moderate length and pointed to sharply rounded; internarial width 1.1-1.6 |
preoral length; origin of first dorsal fin over posterior half of inner pectoral margin; first dorsal erect, its apex sharply rounded 1
pointed; origin of second dorsal over or slightly behind anal fin origin; height of second dorsal 2.6-4.0% TL and 1.0-1.5 in length of i

= X 13-2-13 12to 14-0to 3-12to 14
rear tip; dental formula usually q3ory 13 arie DUCRIRS IR G SSUTR I 1S
immature males but narrower in mature males, oblique, deeply notched laterally, uniformly serrated except for bases of lateral margi
which carry several very enlarged serrae that are themselves serrated; lower teeth oblique, more so in mature males, notched laterall
serrated; no obvious discrete series of enlarged hyomandibular pores alongside corner of mouth; precaudal centra 54-74; caudal cent
53-79; total centra 109-150; diplospondyly usually begins from above pelvic axil to about midway between pelvic rear tip and secor
dorsal origin but may be as far forward as anterior third of pelvic base or as far back as midway along second dorsal base; diplospo

upper teeth moderately broad in females ar
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Figure 28.—Carcharhinus dussumieri, UMMZ 177112, 660 mm TL, male from Java: a, left side (apex of anal fin and tip of lower caudal lobe reconstructed); b, underside of
head; c, enlarged left nostril; d, underside of head of MCZ 1386, 310 mm TL, female from Java.

Figure 29.— Carcharhinus dussumieri, GVF 2706, 785 mm TL, female from Gulf of Thailand: a, left side (black mark on second dorsal fin not shown in figure); b, underside of
head; c, enlarged left nostril; d, first dorsal fin of CNHM 21878, 353 mm TL, male from Borneo.

dylous centra usually not regular in length between pelvic base and second dorsal base, where there may be from one to six alternating
pairs of short and long centra; likewise on caudal axis the centra are usually irregular with one to four long centra intercalated between
short centra; penultimate monospondylous centrum 1.1-1.7 times longer than wide.

The prominently black-tipped second dorsal fin of dussumieri, coupled with the absence of dark markings on any other fins, are
highly distinctive features matched only in the Indo-Pacific sealei. The western Atlantic acronotus approaches both these species in
many respects, including having a dusky to blackish second dorsal, but its marking is less obvious and there are also dusky margins on
the caudal fin and a dusky to black blotch on the snout tip. Vertebral numbers (see under Nomenclatural discussion) provide the surest
means of separating dussumieri and sealei. Other differences of more general application are the shape of the first dorsal fin (erect in
dussumieri, falcate in sealei), the number of teeth (usually one more tooth on each side of the upper and lower jaws in dussumieri than
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Figure 30.— Variation in snout shape and proportions in Carcharhinus dussumieri: a, SU 31254, 300 mm TL, female from Hong Kong; b, SU 31254, 304 mm TL, male fron
Hong Kong; ¢, SU 27726, 348 mm TL, male from Borneo; d, CNHM 21878, 353 mm TL, male from Borneo; e, UMMZ 177114, 580 mm TL, female from Japan; f, MCZ 109
687 mm TL, male from Penang; g, USNM 148102, 695 mm TL, female from Persian Gulf, Saudi Arabia; 4, MCZ 205, 763 mm TL, female from Singapore. Note: Figures e
reduced twice that of Figures a-d.

Figure 31.— Carcharhinus dussumieri, MCZ 205, 763 mm TL, female from Singapore: right upper and lower teeth (symphysis to the right); inset teeth are enlarged fifth uppe
and lower teeth.

in sealei), the presence (dussumieri) or absence (sealei) of serrations on the enlarged lateral basal serrae of the upper teeth, and the twi
proportional dimensions given in Table 22.
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Figure 32.—Carcharhinus dussumieri, MCZ 109, 687 mm TL, male from Penang: right upper and lower teeth (symphysis to the right); inset teeth are enlarged fifth upper and
lower teeth.

Table 22.—Proportional dimensions showing differences between Carcharhinus
dussumieri and C. sealei (n = number of specimens).

Length anterior margin pectoral Width of mouth
width pectoral as % of TL
Species Range Mean n Range Mean n
dussumieri 1.4-1.8 1.64 32 6483 7.4 40
sealei 1.7-2.0 1.85 11 4.2-6.6 6.1° .25

Nomenclatural discussion.—There is marked similarity between dussumieri and sealei (p. 48) in general external form, color including a
black-tipped second dorsal fin, and the shape of the teeth. In consequence it is not surprising that earlier authors had difficulty in iden-
tifying their material. Adding to the problem, there is on the one hand the fact that these two species are sympatric throughout much of
the Indo-Australian Archipelago, and on the other hand an indication from my material that in dussumieri there is variation apparently
due to the existence of local populations or forms differing slightly from one another at the several island groups and regions
throughout this species’ range. This variation is manifest in some proportional dimensions, in snout shape, and in vertebral numbers.
The development of locally recognizable populations of dussumieri, presumably due to partial isolation, is not too surprising in view of
the relatively small size of these sharks and their inshore, shallow-water habitat. A consequence of the existence of these populations,
and the factor of sexual dimorphism which affects the teeth and some proportional dimensions, is that examination of extreme mor-
phological forms from different localities suggests that dussumieri includes more than one species—and seemingly this explains why
earlier authors described the several nominal species here assigned to dussumieri. However, examination of a wider range of material
shows sufficient variation within each population, and similarity between them, to negate this view.

Vertebral numbers, and particularly precaudal counts, provide the best means of distinguishing dussumieri and sealei (see Table 2).
Although the precaudal counts for all of my material of these two species form a continuum with 54-74 for dussumieri and 74-85 for
Sealei, such a presentation masks the trenchant differences between the species in localities where they are sympatric, as evidenced by
Table 23.

The wide range of precaudal numbers in dussumieri is due in part to extreme irregularity in the lengths of the centra at and behind the
region where diplospondyly begins, and in part to great variability in the site of origin of diplospondyly which instead of being confined
to the region above the pelvic base as is usual in most species of Carcharhinus can occur at any point from there to as far back as the
second dorsal fin. Because of the latter situation, the numbers of monospondylous centra are also widely variable, and in fact such
counts overlap with comparably made counts in sealei as shown in Table 24.

Reinforcing the differences between dussumieri and sealei shown by vertebral numbers are characteristic irregularities in the lengths
of the centra which are discussed on p. 62 (dussumieri) and p. 53 (sealei) and which occur with sufficient frequency, especially in
dussumieri, to be of considerable value.
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Table 23.—Frequency distribution of number of precaudal vertebrae in Carcharhinus dussurnieri and C. sealei (arrowed ranges with a number in the middle are data fro

other authors).

Locality

_dussumieri (n = 43)

54 55 56 57 58

59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

sealei (n = 36)
74 75 76 77 78 79 80 81 82 83 84 B

Gulf ‘of Thailand 1

Malayan
Borneo
Java
Sumatra

P AR il ) )
region 1

Hong Kong and China 4

Japan
India

Persian Gulf
Philippines
Australia

Africa

total

1 2
Il |
1 1 1

A
5]
"

Table 24.—Frequency distribution of number of monospondylous centra in Carcharhinus dussumieri and

C. sealei.'

dussumieri (n = 43)

Locality

34 35 36 37 38 39 40 41 42 43 4

sealei (n = 14)

42 43 44 45 46 47

Gulf of Thailand
Malayan Region
Borneo
Java
Sumatra
Hong Kong and China
Japan
India
Persian Gulf
Philippines
Australia
Africa

total

1

2

1

° GRSl I IR

1 |

—oN

< O VS (S TN I SO e R |

1
2
< D W T S |

'In this table monospondylous centra are those anterior to the first, short or diplospondylous cen-
trum, even though long (monospondylous?) centra may also be present posterior to the site of

diplospondyly.

The differences between the species in external morphology and in the nature of the teeth, as given in the respective diagnoses, ar
not always clear cut, and even the apparently obvious difference in the shape of the first dorsal fins is not as consistently useful as migkt
be expected from comparison of Figures 23 and 24 with 28 and 29. Small specimens of dussumieri, like many other species, have mor
falcate first dorsal fins than do larger specimens, and hence such small specimens may resemble sealei. Differences in proportion:
dimensions show a great deal of overlap as is indicated in Table 25, and have limited value. The best of these differences relate to th

‘length:width of the pectoral fin and to the width of the mouth, and data for these are shown graphically in Figure 33a, b.
The basis for referring the several nominal species to either dussumieri or sealei is displayed in part in Table 25. Other factors take

Table 25.— Vertebral numbers and proportional dimensions used in referring

Precaudal centra Caudal centra

Width mouth
% TL

Monospondylous
centra

Carcharhinus dussumieri
Data from present study excluding types
Data from types of nominal species here
synonymized with dussumieri

Syntypes of Carcharias (Prionodon) dussumieri
Syntypes of Carcharias (Prionodon) tjutjot
Holotype of Carcharias (Prionodon) javanicus
Syntypes of Carcharias malabaricus

Carcharhinus sealei
Data from present study' excluding types
Data from types of nominal species here
synonymized with sealei
Holotype of Carcharias sealei®
Holotype of Platypodon coatesi

54-69 (60.1) n=36 53-79 (63.7) n=36

62-714 n=2 68-76 n=2
57Tn=2 -2 n=2
56 65

64-65 n=2 65n=1

74-85 (79.1) n=35 73-83 (78.2) n=13

7 71

34-43 (38.3) n=36 6.4-8.3 (7.4) n=40

3844 n=2 7.6n=1
37-38n=2 7.2-17n=2
37 78
I n=2 7.6n=1

42-47 (44.2) n=13 4.2-6.6 (6.1) n=25

6.6
47 7.9

'Including also information on the proportional dimensions of 12 specimens from Wheeler (1960—as menisorrah) and precaudal counts of 22
*Data extracted from Seale’s (1910) illustration of borneensis
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into account but not shown on the table were, of course, the shape of the first dorsal fin, the nature of the teeth, the presence and kind
of irregularities in the vertebral centra, etc. Comments on those nominal species referred to dussumieri are as follows.

The original description of dussumieri by Valenciennes in Miiller and Henle (1841:47) is scarcely definitive and for the most part con-
sists of a comparison with the features of sorrah; the only illustration accompanying it is of one upper and one lower tooth. Fortunately
three of the four type specimens mentioned are still in existence, and all are identifiable as dussumieri. One of these in the Berlin
Museum (ISZZ 4464) was from China (no other locality data given), and the other two in the Paris Museum were from India. Because
Valenciennes named the species for Dussumier who collected two of the syntypes from Bombay, it would seem reasonable to select as
lectotype the only Dussumier specimen which can now be found (MNHN 1136). I find, however, that this specimen has 74 precaudal
centra, and thus falls at the extreme end of the range for this character in all my material of dussmieri. I therefore believe it preferable
to select as lectotype the other Indian specimen (MNHN 1135), an alcohol-preserved male, 370 mm long, collected from Pondicherry
by Belanger, and having 62 precaudal centra.

Bleeker’s (1852:36) account of tjutjot was based on two subadult males from Batavia, Java. In the same publication (p. 38) he
described javanicus from a smaller female, also from Batavia, Java, which I here synonymize, together with zjutjot, with dussumieri.
Bleeker differentiated #jutjor and javanicus in his descriptions and in a key to his species (p. 28-29) by noting that in zjutjof the preoral
length was shorter than the mouth length and the lower teeth were smooth, whereas in javanicus the preoral length was greater than the
mouth length and the lower teeth were serrated. I have examined the syntypes of #jutjof in the Leiden Museum (RNH 7382, male, 580
mm) and the British Museum (BMNH 1867.11.28.177, male, 610 mm), and the holotype of javanicus in the British Museum (BMNH
1867.11.28.188, female, 466 mm) and can confirm that the syntypes of tjutjot have shorter preoral lengths than javanicus (but not
shorter than the length of the mouth) and that there are differences in the teeth. The teeth differences appear to be attributable to sexual
dimorphism. The differences in the preoral lengths are less easily explained. In the holotype of javanicus the preoral length is 7.2% TL,
and only slightly greater than the mean value of 6.9% for 45 specimens of dussumieri, see Table 25. There is, therefore, no problem in
assigning javanicus to dussumieri on this or any other character. The preoral lengths of the syntypes of #jutjor are both 5.8% TL, hence
well below the mean value for dussumieri, and lower than in any other specimen of dussumieri that I have seen. The only specimens
that have approximately similar values are one from Japan (6.1%) and two from the Gulf of Thailand (6.2 and 6.3%). In all other im-
portant diagnostic features, including the shape of the first dorsal fin and the presence and nature of irregularities in the precaudal
vertebrae, the syntypes of tjutjot agree with dussumieri. In view of this agreement I accept #jutjot as a synonym of dussumieri and inter-
pret the short preoral lengths of the syntypes as representing one extreme of the variation in this feature. I designate as lectotype of #jut-
Jjot the Leiden Museum specimen (RNH 7382), a male of 580 mm TL from Batavia, which was the first of the two listed by Bleeker in
his original description.

The species name javanicus was earlier used by Van Hasselt (1823:315) in the binomen Carcharias Javanicus. A French translation of
Van Hasselt’s account appeared in 1824. Van Hasselt’s usage was in a letter to the director of the Leiden Museum, C. J. Temminck, as
follows: “Mijn Carcharias Javanicus, komt het meest nabij aan Meni Sauru, die zich in het Museum te Parijs bevindt, van welken hij
echter in den vorm der Pinna Caud. verschilt.”” M. Boeseman of the Leiden Museum, who kindly supplied me with information on Van
Hasselt, also provided a translation of the above passage: ‘‘My Carcharias Javanicus, is most close to Meni Sauru, which is present in
the Museum of Paris, from which, however, it differs in the shape of the Pinna Caud.”

The above account has been regarded by some authors as constituting a description of Carcharias javanicus Van Hasselt, 1823, since
it refers to the shape of the caudal fin. If this argument is accepted, there still remains the problem of identifying the species. Even if
one assumes, as did Ferussac (Van Hasselt 1824:89), that Van Hasselt’s Meni Sauru is ‘‘Meni Sorra (C. sorra Cuv.) du musee de Paris,”’
this does not appreciably assist in identifying even the species which Van Hasselt used for comparison with his javanicus. The specific
names menisorrah and sorrah did not become available until 1841 as Carcharias (Prionodon) menisorrah Valenciennes in Miiller and
Henle and Carcharias (Prionodon) sorrah Valenciennes in Milller and Henle. The comparison was therefore made on vernacular
names. A study of what specimens were available in the Paris Museum in 1823 and earlier might yield evidence as to the identity of
Meni Sauru, but would still leave open the question of the identity of javanicus Van Hasselt because this author did not state the man-

various nominal species to either Carcharhinus dussumieri or C. sealei.

Snout tip to Ist Internarial
Ist dorsal base Ist dorsal base gill opening distance Prenarial length Preoral length  Length anterior margin of pectoral
% TL Ist dorsal height % TL % TL % TL % TL width pectoral
8.8-11.2 (9.9)
n=40 0.94-1.41 (1.08) n=39 15.4-19.4 (17.4) n=26 4.3-5.5 (4.9) n=40 2.7-4.0 (3.3) n=40 6.1-8.4 (6.9) n=40 1.4-1.8 (1.64) n=27
9.0 n=1 087 n=1 189 n=1 52n=1 32n=1 6.7n=1 1.7n=1
9.59.6 n=2 0.98-1.01 n=2 164 n=1 4243 n=2 3.0n=2 5.8n=2 1.6-1.7 n=2
9.6 0.90 18.7 5.0 3.4 7.2 1.7
9.0n=1 0.96 n=1 18.8 n=1 49n=1 35n=1 7.5n=1 1.6 n=1
7.6-9.4 (8.8) n=26 0.78-1.06 (0.92) n=25 14.4-17.3 (15.8) n=25 3.8-5.2 (4.4) n=25 2.2-3.7 (3.0) n=25 5.3-7.3 (6.5) n=25 1.7-2.0 (1.85) n=11
8.8 1.00 17.8 4.4 3.6 6.7 2.0
)3l 0.99 16.8 4.6 2.4 5.5 =

specimens from Bass et al. (1973).
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Figure 33.—Proportional dimensions indicating differences between Carcharhinus dussumieri and C. sealei: a, pectoral fin anterior margin
divided by pectoral fin width versus total length; b, mouth width as percent of total length versus total length.

ner in which the caudal fin of his species differed from that of Meni Sauru. In the absence of other evidence, and of type material, I se
no way of adopting Carcharias javanicus Van Hasselt, and hence relegate it to the category of nomen dubium.

Day (1873:529) described malabaricus from three specimens from the west coast of India. The account was not illustrated and is ir
adequate for determining the species. Two of the syntypes are still in evidence, one at the British Museum (BMNH 89.2.1.4173, mal¢
375 mm) from Cochin, the other at the Australian Museum (AMS 1.61, female, 422 mm) from Calicut. Both syntypes clearly f
dussumieri. 1 designate the British Museum specimen, data for which are given in Tables 25 and 26, as lectotype of malabaricus since |
was the first of the three listed by Day in his original account.
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Table 26.— Carcharhinus dussumieri, proportional dimensions in percentage of total length.

‘0’375 mm 'Q 466 mm Q@ 580 mm ? 695 mm
@ 310 mm India *f 435 mm Java Japan ‘< 580 mm Persian Gulf ¢ 825 mm
Java 375 mm Cochin India Batavia Nagasaki Java Saudi Arabia @ 763 mm Gulf of
Batavia Hong Kong BMNH 89. Bombay BMNH 1867. UMMZ Batavia USNM Singapore Thailand
MCZ 1386 USNM 6457 2.1.4173 MNHN 1136 11.28.188 177114 RNH 7382 148102 MCZ 205 GVF 2132
Snout tip to
outer nostrils 34 3.7 3.5 3.2 34 3.7 3.0 3.6 3.5 2.9
eye 7.4 7.2 il 6.6 7.0 Aol 5.8 6.9 6.9 6.1
mouth 7.9 77 74 6.7 7, 71 5.8 7.4 6.9 6.4
1st gill opening 19.0 173 18.8 18.9 18.7 17.5 16.4 18.4 18.5 15.4
3d gill opening 21.3 19.7 2] 21.2 20.6 —_ = 20.6 20.4 18.4
5th gill opening 2815 21.6 23.2 23.9 22.7 2.0 19.8 22.0 29 20.6
pectoral origin 22 20.8 22.7 23.0 22.1 20.9 19.7 209 21.8 20.0
pelvic origin 46.3 46.7 47.9 45.7 46.0 46.1 453 47.5 48.2 50.1
Ist dorsal origin 29.3 29.9 31.2 29.7 29.7 28.4 29.3 30.6 31.1 30.9
2d dorsal origin 61.9 60.6 61.0 60.3 60.2 62.1 61.0 62.7 64.9 64.5
anal fin origin 60.4 60.0 61.0 59.4 59.3 60.0 60.8 60.7 63.7 63.3
upper caudal origin 73.9 72.3 72.8 73.2 73.8 74.7 74.1 75.7 76.4 76.1
lower caudal origin 72,7 71.5 7 B 72.2 72.9 73.8 73.0 74.7 75.5 75.4
Nostrils
distance between inner
corners 5:5 5.2 49 5:2 5.0 4.9 42 4.5 5.0 4.8
Mouth
width 7.4 6.9 7.6 7.6 7l 7.4 7.2 i 7.5 7.6
length 4.7 4.5 48 49 4.6 4.4 5.2 4.5 4.6 19
Labial furrow lengths
upper 0.5 0.4 0.4 0.5 0.4 0.4 0.3 0.4 0.5 0.3
lower 03 0.3 0.4 0.5 0.2 0.5 0.3 0.4 0.4 0.3
Gill opening lengths
1st 23 24 — 2.5 24 24 2.6 29 3.0
3d 2.6 24 2.5 3.3 2.7 2.8 3.5 3.2 3.5 3.5
st 1.6 1.9 — — 2.5 1) 2.8 2.3 2.8 2.4
Eye
' horizontal diameter 2.7 i) 2.5 2.6 2.6 2.2 2.2 2.0 2.0 2.0
Ist dorsal fin
length of base 10.8 10.7 9.0 9.0 9.6 10.0 9.5 10.9 10.5 10.2
length posterior margin 39 4.0 4.5 4.8 4.5 4.3 4.6 4.3 4.3 18
height 8.7 8.0 95 10.3 10.7 9.3 9.7 9.3 10.7 9.3
2d dorsal fin
length of base 4.4 4.0 3.7 4.1 4.6 4.3 4.1 4.7 4.1 4.7
length posterior margin 39 4.0 4.3 4.1 3.2 4.1 4.5 3.7 4.1 3.5
height 2.9 3.1 32 3.2 3.4 2.9 3.5 314 3.7 3.0
Anal fin
length of base 5.2 4.8 44 49 501 5.6 4 5.3 45 5.0
length posterior margin 34 2.7 4.0 3.9 3.6 34 19 4.1 19 3.2
height 34 3T 3.5 3.9 4.1 3.6 37 3.7 4.2 1.6
Pectoral fin
length of base 5.5 6.1 5.8 5.3 5.6 5.9 5.8 6.5 64 59
length anterior margin 14.5 15.7 16.0 15.9 15.4 14.8 15.2 17.1 17.2 15.6
length distal margin 10.5 10.4 I by 11.3 10.5 10.3 11.4 12.6 13.9 12.4
greatest width 8.9 9.3 9.7 9.4 9.2 9.1 9.5 10.7 10.9 9.4
Pelvic fin
length of base 5:3 4.8 4.5 5.0 5.1 5.2 5.0 5.6 6.6 5.2
length anterior margin 6.1 59 5.6 6.2 6.4 6.6 6.9 6.8 6.5 5.8
length distal margin 5.5 5.1 53 5.0 53 48 5.1 6.0 6.4 5.9
length of claspers — 2.0 27 2.2 - 4.5 — - —
Caudal
length of upper lobe 2541 27.7 26.9 27.3 25.8 25.4 25.8 24.6 24.0 24.1
length of lower lobe 9.8 10.4 10.4 10.7 12.0 10.3 11.2 10.5 11.8 0.8
Trunk at pectoral origin
width 10.9 10.9 10.9 11.3 10.7 10.7 9.8 12.1 13.1 122
height 10.1 10.9 9.1 10.1 410.,'713 HIC:SH 139’.611 1410’911 13ll\)|1 Pll\’)‘
Dental formula :g%_:‘;’ :‘37%; };»‘;{g :4-‘1'-14 14—;-13 13-1-13 14-2-14 13-13 13-1-13
Vertebrae
precaudal 57 61 65 74 56 62 57 67 69 56
caudal 61 67 65 76 65 61 71 65 70 “
total 118 128 130 150 121 123 128 132 139 110

'Syntype of Carcharias malabaricus.
*Syntype of Carcharias (Prionodon) dussumieri.
'Holotype of Carcharias (Prionodon) javanicus.
‘Syntype of Carcharias (Prionodon) tjutjor.
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Some measure of the confusion in the literature over the status of the nominal species here placed in dussumieri or in sealei is provid
ed by Day’s subsequent treatment of his malabaricus and other related species. In his monograph of the fishes of India (Day 1878:716
he relegated malabaricus to the synonymy of menisorrah, in which he also placed tjutjot Bleeker. He referred to a specimen of menisol
rah which he had received from Bleeker. The menisorrah of Bleeker, judging by museum specimens that I have seen and literature ac
counts, is usually, but not in every case, referable to dussumieri. Day’s menisorrah likewise fits dussumieri if his (1878, pl. 184, fig. |
illustration of a Kozhikode specimen is taken as a criterion. Day was, therefore, correct in synonymizing malabaricus and tjutjot wit
what he called menisorrah but which should have been called dussumieri. In the same monograph Day treated (p. 714) a second specie
under the name dussumieri. This species, judging by Day’s illustration (pl. 187, fig. 2) of a specimen from Malabar, appears to b
sealei. Day placed javanicus Bleeker in its synonymy, and hence was nomenclaturally correct in referring javanicus to dussumieri bu
taxonomically incorrect in recognizing as dussumieri the species which at that time did not have a valid name and subsequently wa
named sealei.

The foregoing example of confusion in the literature is by no means an isolated case with respect to the names dussumieri, menisoi
rah, etc. The consequence is that very few of the numerous literature identifications under these names can be taken at face value, pa
ticularly if they are mere listings and not accompanied by illustrations,

Description (see also Table 26).—Small sharks, growipg to about | m TL . Midline of back between dorsal fins with a low dermal ridge
Upper precaudal pit strongly developed, lower pit weak.

Dermal denticles close-packed, only slightly overlapping in small specimens but more regularly overlapping in larger, subcircular t
ovoid in outline, each with three longitudinal ridges and corresponding posterior marginal teeth in small specimens but with five ridge
and teeth in larger specimens.

Snout of moderate length, varying from pointed to sharply rounded in contour. Anterior margin of eye above or slightly forward ¢
front of mouth. Nostrils oblique, with broadly ovate apertures, the anterior margin of each with a well-developed, sharply pointe
lobe,

13-1 to 3-13

] f s in 12 speci 5 & . -
Dental formula 140 to 214 in 12 of 39 specimens counted in !

13-1 or 2-13 in O 12 or 13-2-12 or 13
13-1-13 g 12or 13-0 or 1-12 or 13

120r13-00r 212 0r 13 ;5 _130r142-130r 14, 4 oy 132013 40y Teerh sexually dimorphic in adult specimens. Uppe

Borldl-130r14 "7 Tlto 141 or 2-12 to 14 15-1-15
teeth of females and immature males moderately broad, oblique, their lateral margins deeply notched, their medial margins conve
basally but straight or weakly concave distally; several large serrae basally on the lateral margin of each tooth; medial and later:
margins of upper teeth, including the lateral basal serrae, regularly serrated, the serrations rather coarse; upper teeth of mature male
much narrower than those of females, more oblique and more finely serrated; one, two (exceptionally three or none) smaller sym
physial teeth, not always well differentiated from the paramedian teeth in either size or shape and hence somewhat arbitraril
designated. Lower teeth narrower than the upper, those of females and immature males only slightly oblique, their lateral margin
notched, their medial margins concave, usually both margins serrated, the serrations finer than those of upper teeth, though sometime
there are larger irregular serrae or crenulations basally on the lateral margins; in mature males the first four or five series of paramedia
lower teeth are considerably more oblique than those of females, and are essentially smooth edged except for some fine basal serration:
usually one smaller symphysial tooth but occasionally two or none.

First dorsal fin moderately high, weakly falcate in small specimens (where a vertical from its apex falls not farther back than midwa
along its rear tip) but more erect in larger specimens where its apex is vertically above or in front of its axil; origin of first dorsal over ¢
slightly behind the middle of the inner (posterior) margin of the pectoral fin in small specimens but further rearward to almost over th
inner (posterior) corner in larger specimens. Second dorsal fin of moderate size, almost equal to anal fin; length of second dorsal rez
tip 0.96-1.50 (mean 1.27) times second dorsal height in 33 specimens; origin of second dorsal above or usually slightly behind anal fi
origin to as far back as anterior one-third of anal base, Pectoral fins moderately short, falcate, with pointed tips; origin of pectora
below the fourth gill openings; outer corner of pectoral when latter is adpressed to trunk so that its anterior margin is horizontal reach¢
from two-thirds along first dorsal base almost to first dorsal axil.

Color after preservation in alcohol is grayish or brownish above, paler below; all fins except the second dorsal are at most only sligh
ly darker than the upper trunk color, and have pale trailing edges probably whitish or translucent in life; second dorsal fin dusky t
black on its apical two-thirds but pale to white along its rear tip and just in front of the axil.

Vertebral counts of 10 specimens are given in Table 26 and of another 33 specimens in Table 27.

Centrum diameter greater than centrum length except for the last few monospondylous centra which range from moderately to grea
ly elongated. In 39 of the 43 specimens for which I have radiographs there is obvious and often considerable irregularity in the lengtt
of the centra between the pelvic base and the second dorsal base. The irregularity involves the alternation of long and short centrun
with lengths corresponding to monospondylous and diplospondylous centra, respectively. The alternations themselves are usuall
serially regular, with from one to six alternating pairs of centra present, but in some cases there are one or two alternating pairs follov
ed by two or three long centra before the next short centrum. The four specimens lacking these irregularities are from the Gulf ¢
Thailand, Malaya, and Borneo. Localities for the 39 specimens which have irregularities are the Gulf of Thailand, Hong Kong, Chin:
Japan, India, the Persian Gulf, the Malayan region, Borneo, and Java. For the purpose of this account, diplospondyly is regarded :
occurring at the first short centrum, even though long (monospondylous?) centra may be present posteriorly. On this basis the site ¢
diplospondyly is variable, ranging in position from over the pelvic base to beneath the second dorsal base. Between the second dors
base and the caudal origin the centra are mostly short (i.e., clearly diplospondylous) and regular or nearly so. Posterior to the caud;
origin, on the caudal axis, there is further irregularity in centrum length in 29 of the 43 specimens examined. This caudal irregularil
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Table 27.—Vertebral numbers in 33 specimens of Carcharhinus dussumieri.

Specimens Precaudal Caudal Total

GVF 1548 Gulf of Thailand 54 65 119

GVF 2469 Gulf of Thailand 56 53 109

GVF 2385 Gulf of Thailand 57 58 115

GVF 2415 Gulf of Thailand 57 63 120

GVF 2454 Gulf of Thailand 57 67 124

GVF 2568 Gulf of Thailand 58 62 120

GVF 2383 Gulf of Thailand 58 64 122

GVF 2415 Gulf of Thailand 58 66 124

GVF 2460 Gulf of Thailand 59 61 120

GVF 2568 Gulf of Thailand 59 63 122

GVF 2415 Gulf of Thailand 59 66 125

GVF 2409 Gulf of Thailand 60 65 125 Table 28.—Clasper length as percentage of total

SU 27726 Borneo 54 70 124 length in Carcharhinus dussumieri.

CNHM 21878 Borneo 59 68 127

USNM 197386 Borneo ) 69 129 il Clasper length

USNM 197386 Borneo 63 65 128 {mm) a5 % TL Locality

USNM 72478 Java 57 64 121 353 2.8 Borneo

BMNH 1867. 375 2.0 Hong Kong
11.28.177 Java' 57 72 129 400 2.0 Gulf of Thailand

USNM 72477 Java 58 61 119 577 2.3 Gulf of Thailand

USNM 177112 Java 59 65 124 '580 4.5 Java

MCZ 109 Malaya, Penang 58 71 129 594 2.0 Java

MCZ 110 Malaya, Penang 68 79 147 '610 5.1 Java

SU 31254 Hong Kong 61 58 119 660 23 Jaya

SU 31254 Hong Kong 61 60 121 687 8.9 Malaya, Penang

ANSP 52650 Hong Kong 61 61 122 688 3.6 Gulf of Thailand

ANSP 76545 Hong Kong 62 62 124 703 9.5 Borneo

ANSP 52651 Hong Kong 62 63 125 726 8.0 Gulf of Thailand

SU 14113 China, Chusan Island 63 60 123 738 7.2 Gulf of Thailand

ANSP 76859 Hong Kong 63 65 128 'Syntype of Carcharias (Prionodon) tjutjot.

MNHN 1135 India, Pondicherry? 62 68 130

AMS 1.61 India, Calicut’ - —

UZMK PO 692 Persian Gulf 65 66 131

UMMZ 179015 Japan 66 60 126

Range (including counts from Table 26) 54-74 53-79 109-150

'Syntype of Carcharias (Prionodon) tjutjot.
*Syntype of Carcharias (Prionodon) dussumieri.
Syntype of Carcharias malabaricus.

varies from slight to extreme and involves the presence of one to four or more elongated centra interposed amongst the shorter centra.
There is no uniformity in the position of the elongated centra nor usually in their length which may be up to three times that of the adja-
cent short centra. It is evident that most of these long centra are the result of fusions, as they carr